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ABSTRACT
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Ground underlain by dolomite may be hazardous to development due to the potential occurrence of 
subsidence and sinkholes. These potentially disastrous occurrences are in many instances caused by 
human interaction with the soil through the ponding of water or leaking of wet infrastructure such 
as water and sanitation services. Construction materials and techniques, as well as effective 
maintenance of waterborne services have traditionally been acknowledged as having a significant 
bearing on the level of risk that communities face when living on such potentially dangerous land.
The spatial distribution of settlements on dolomite in the Gauteng City Region (GCR) is already 
widespread and expected to increase as urbanisation intensifies. Similarly, the challenge of 
considering the physical vulnerability of low-income settlements is expected to intensify. Well- 
defined procedures and guidelines govern the development of human settlements on dolomitic 
ground. However, the classification and characterisation of low-income and informal settlements are 
not as advanced as that of formal residential developments. In addition, the guidelines regarding 
management of settlements on dolomite focus significantly on geotechnical interventions, leaving a 
gap in the influence that human behaviour can play in possible disaster risk reduction on such 
ground.
The thesis considers the significance of different low-income settlement types on dolomite, relative 
to perceived human behaviour in association with principles of disaster risk reduction. It 
hypothesizes that an understanding of settlement type in relation to human behaviour and a 
stronger emphasis on monitoring via official channels could address some of the conflicts in the 
development-on-dolomite debate and thereby reduces settlement vulnerability. The research 
methods included quantitative and qualitative components, commencing with a literature review 
that spanned multiple disciplines and sectors. Fieldwork included spatial investigation and 
consideration of low-income settlement types with regard to, for example building material use, 
dwelling size and dwelling layout, and wet services infrastructure provision and location.
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The thesis subsequently identify and explore low-income settlement types in the study area. The 
research explores a number of sample settlements to consider the physical vulnerability and 
potential key areas of intervention and risk reduction, outside of the traditional geotechnical arena. 
The evaluation then applies the Analytical Hierarchy Process (AHP), a form of Multi Criteria Analysis 
(MCA), to identify important variables and indicators related to human behaviour and the physical 
vulnerability of settlements on dolomite that can be harnessed to intervene in the debate, and 
possible improve the safety of communities living with this risk.
Although not affecting the research outcome directly, a specific observation during the course of 
engagement with specialists across disciplines was that experts in even closely related practice areas 
view low-income settlement development and upgrading on dolomite differently. The differences in 
viewpoints result in contradictions in approaches between housing officials, disaster managers, 
socio-environmental practitioners, engineers and geologists. Even small differences in approach 
have been shown to have significant effects on the practicalities surrounding decision making 
related to low-income settlements and especially informal settlement relocation or upgrading.
The outcome is a set of prioritised indicators that could enable specialists, officials and the public to 
consider different elements of low-income settlements based on its physical vulnerability. By 
focussing on the indicators most likely to result in reduced vulnerability, actions that drive 
settlement development, upgrade and resettlement could be prioritised. Interestingly, one of the 
findings of the research is that it is not so much the settlement type based on informality that makes 
a difference in the exposure to risk -  physical vulnerability is deemed to be significantly affected by 
official (municipal-sphere) actions, monitoring and awareness. Finally, the research enables the 
integration of technical knowledge with behavioural considerations when living on dolomite, thus 
highlighting opportunities to bring technical and non-technically skilled stakeholders in the debate 
closer together.
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IPCC: Intergovernmental Panel on Climate Change
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ISGSR: International Symposium on Geotechnical Safety and Risk
ISPRS: International Society for Photogrammetry and Remote Sensing
JEE: Journal of Earthquake Engineering
KF: Knowledge Factory
Ltd: Limited
M: Manageability
MCA: Multi Criteria Analysis
MDR: Mean Damage Ratio
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MIG: Municipal Infrastructure Grant
MIR: Make It Rational™
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NCEER: National Center for Earthquake Engineering Research Report (USA)
NDH: National Department of Housing
NDP: National Development Plan
NGOs: Non-Governmental Organisations
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n.d.: not dated
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PVC: Polyvinyl Chloride (synthetic thermoplastic material)
PPP: Public Participation Process
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UN: United Nations
UNISDR: United Nations International Strategy for Disaster Reduction
UNU: United Nations University
USA: United States of America
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CHAPTER 1: UNDERSTANDING THE DEVELOPMENT-ON-DOLOMITE DEBATE
1.1 Introduction
"...disasters occur at the intersection of environmental hazards and vulnerable people..."
(Bolin and Stanford, 2005: 218)
Worldwide and in South Africa, the integration of economic growth, disaster resilience, and 
functional urban form often can create turmoil among governments, public and private sector role 
players, academic disciplines, planners and communities alike (Vale and Campanella, 2005; Berke 
and Campanella, 2006; Parnell, Simon, and Vogel, 2007; Van Niekerk, 2013). The ideal of the 
assimilation of goals within human society is further hampered by climate change challenges, 
community behavioural anomalies, a lack of awareness or integration of knowledge, and resource 
limitations (Bigio, 2003; CoJ, 2009b; Faling, Tempelhoff and Van Niekerk, 2012; SEA, 2013). In 
addition, the objective of sustainable earth management, to shift from financial focus as a primary 
concern towards appreciation of quality of life, presents critical challenges to society and 
governance systems. This search for balance between the egoistic human condition and sustainable 
earthbound existence is an ever-elusive objective, resulting in academic research approaches that 
separate, describe, then analyse and ultimately attempt to assimilate or re-construct the 
components of our environment and socio-physical interactions. With the increasingly urbanised 
human settlement landscape, responses to the need for solutions are often fast-tracked and if not 
carefully considered, result in communities becoming progressively vulnerable in their physical 
surroundings (Biesbroek, Swart and Van der Knaap, 2009; Van Huyssteen, Meiklejohn, Coetzee, 
Gross and Oranje, 2010).
In the search towards understanding of earth's geomorphological processes, human behaviour 
impacts and physical sciences research, academic disciplines tend to disaggregate sectors that 
segregate the multiplicity of cause and effect. However, when considering human-made and natural 
disaster risk evaluation, reduction and management, these disciplines have to integrate their 
outputs and solutions in order to be applicable in the complex context of human society and nature. 
With increasing urbanisation, especially in Africa, concerns regarding levels of disaster risk 
conversely increase (Satterthwaite, Huq, Pelting, Reid and Romero Lankao, 2007). The junction of
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settlement development with natural hazards exacerbates the vulnerability of communities residing 
in those areas, and is triggering a global focus on Disaster Risk Reduction (DRR) as one of the means 
to lower the levels of risk (UNISDR, 2005; UNISDR, 2015). DRR forms part of the so-called 'Disaster 
Cycle' or disaster continuum (elaborated on in Section 2.2.1). The Cycle represents a continuous 
process before and after disaster strikes. This consists of risk identification and -assessment, 
mitigation and prevention, preparedness, prediction and early warning (all forming part of the 
protection phase) before a disaster strikes. After disaster strikes, the Cycle includes impact 
assessment, response, recovery and reconstruction, the latter often involving reduction of future 
risk (Warfield, n.d.).
The application of DRR principles enables investigation into the processes that bring about the risk as 
well as finding solutions to the resultant challenges that communities and governments face, using a 
multi-disciplinary approach. The multiplicity of human settlement vulnerability as characterised by 
multi-dimensional and trans-disciplinary components (Council for Scientific and Industrial Research 
(CSIR), 2009; Van Niekerk, 2013), provides an opportunity to apply a combination of inductive and 
deductive research approaches towards risk assessment in the context of dolomitic ground as a 
naturally occurring hazard. I apply both approaches in my research.
1.2 Background
1.2.1 The geology of South African dolomite
Internationally, karst landscapes form due to the presence of highly weatherable dolomite or 
limestone. The chemical make-up of these formations results in comparable weathering features 
and resultant hazard characteristics. The older the formation is in geological age, the more prone it 
is to weathering. Limestone and dolomite are both present in Southern Africa, but this study focuses 
on dolomite, with particular reference to the area known as the Gauteng City Region (GCR) where 
the dolomites display particularly high hazard levels. GCR dolomites, estimated to be approximately
2.3 billion years old (CGS, n.d.(a)), represent some of the oldest and most weathered karst 
landscapes on earth (ibid.), thereby elevating the dolomite disaster risk substantially, when 
compared to other regions in the world.
Figure 1.2.1a shows the distribution of dolomite in South Africa, with the key focus area being in the 
vicinity of the City of Tshwane and the City of Johannesburg, located in the Gauteng Province.
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Figure 1.2.1a: The distribution of dolomite in South Africa
Source: Map compiled by AECOM SA (Pty) Ltd, based on CGS (2015).
Ground underlain by dolomite is hazardous due to the potential occurrence of subsidence (dolines) 
and sinkholes (Department of Public Works (DPW), 2010). In South Africa, these potentially 
disastrous occurrences of sinking ground are affected and often caused by human-induced changes 
in soil moisture content, for example, due to water ponding or leaking water-bearing infrastructure 
(Kleynhans, personal communication, 2012). Therefore, conditions of development, construction 
techniques and maintenance of wet services have a significant bearing on the level of risk that 
communities face when living on such land. With the South African government supporting 
sustainable human settlement development (CSIR, 2000; DoHS, 2011), this interaction between 
geological hazards, development planning and human behaviour calls for consideration. Although 
the international knowledge base regarding dolomite is relevant to this thesis and the global 
applicability of the study findings are important, the specific hazard characteristics of the Gauteng 
dolomites based on their significant geological age, require appraisal of the South African situation 
and related literature in particular.
Gold-bearing veins that run in an East-West alignment across the GCR led to the establishment of 
Johannesburg in the late 1800s. Figure 1.2.1b shows the current City of Johannesburg boundary,
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with the alignment of gold reefs in relation to the dolomite. In this area, the dolomite and gold reefs, 
as well as the Mine Residue Areas (MRAs) run parallel to each other. MRAs are the tailings residue 
and waste rock dumps associated with underground mining activities.
Figure 1.2.1b: Gold reefs in relation to Mine Residue Areas and dolomite in Johannesburg
Source: Map compiled by Gauteng City Region Observatory (GCRO) (2015).
The name "Gauteng" is derived from among others the Afrikaans word "goud", which means "gold" 
-th e  rationale for much of the human settlement in the region -  with the Sotho-Tswana locative 
suffix "-ng". The early city was less constrained than today's urban expanse by the hazards that 
dolomite present, since the gold mines were not located on dolomite. Dolomitic risk was also not 
well known at the time. As the city spread out over the past two centuries, the situation changed 
radically to its present-day condition where the region is experiencing unrelenting urban 
development, expansion and densification. Even though the dolomite stretches in a ring around
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Johannesburg (Figure 1.2.1c), the gold reefs and dolomite outcrops do not overlap and the presence 
of dolomite does not determine the presence of gold mining activities (Figure 1.2.1b). Flowever, the 
proximity of the two in the region in general has inadvertently placed urban development in close 
presence of dolomitic hazard.
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Figure 1.2.1c: Dolomite, urban areas and backyard structures* in Gauteng
Source: GCRO (2013) (*all backyard structures associated with formal housing that may be used for housing purposes 
(formal or informal), reflected as points, aggregated using a randomly generated hexagonal grid (GTI, (2012)).
This research focuses on the intersection of relatively high levels of dolomitic hazard severity with 
human settlements, in particular where low-income communities reside in the densely populated 
Gauteng Province and surrounding areas in South Africa. Figure 1.2.1c also shows the proliferation of 
backyard structures in Gauteng in 2012 with the count amounting to 727 740 -  more than twice that 
of the census count the year before. "Low-income" in the context of my research is a relative 
concept that refers to the cost of living in an area in relation to the household size and level of 
income that households are able to achieve on average. Placing a monetary value on the concept is 
challenging. Flowever, in general household incomes in these areas would range between zero and 
R100 000 per annum for a four-member household. Settlement types associated with the context of
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low-income are generally no larger than 100 m2 per family dwelling unit. The challenges of an 
elevated hazard probability and severity in terms of dolomitic ground, combined with low-income 
human settlement vulnerability are particularly visible in Gauteng. As such, the region characterises 
an area where often significant conflict of opinion exists between role players and decision makers 
in the development-on-dolomite debate.
Varying characteristics of dolomite constituents determine the level of disaster hazard in relation to 
human settlement development options (DWA, 2009). These characteristics include, among others, 
the age of the geological form, the underground structure, the make-up of geological strata, the 
depth at which it occurs, as well as the type and thickness of the overburden (soil covering over the 
dolomite strata). The older the geo-form and the more weathered it is, the greater the potential for 
sinkholes or dolines to occur; and the closer to the surface it is, the greater the level of exposure to 
development (Heath, personal communication, 2011). The uneven distribution of dolomitic hazard 
patterns across often small spatial expanses, coupled with undeterminable directionality, shape and 
size of underground caverns and vacant spaces in the dolomite (SASA, 1982) causes difficulty to 
determine an absolute risk level or location in many areas in and around Gauteng. Hazard zonation 
for development purposes are therefore an approximation only, based on the best available 
information gained from drillhole analysis and the like, which attempt to define the irregular 
subsurface distribution and patterns of underground aquifers, voids, chert bands, weather altered 
dolomite (WAD) (Avutia, 2014), rock pinnacles and bedrock (Jack, 2011). Regulations, standards and 
guidelines pertaining to development on dolomite therefore consider relatively conservative options 
for development on inherently hazardous ground. Figure 1.2.Id shows a site where development 
along the Gautrain route has resulted in removal of WAD and chert, exposing dolomite pinnacles.
Figure 1.2.Id: Exposed dolomite pinnacles (Centurion, South Africa)
Source: Author's photograph (2013).
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1.2.2 Development challenges on dolomite 
Introduction to challenges
Globally, development often avoids karst ground, the preference being to set it aside for parks, 
conservation or ecosystem services purposes (Fleury, 2009). Even though avoidance of dolomitic 
ground remains the ideal, reality shows that the intention of greenbelt restrictions often gives way 
to urban development pressures (Williams, 2011), both formal and informal. Where development 
does occur, building regulations, restrictions and planning processes are largely involved (City of 
Budaors, n.d.; FGS, n.d.; Kaufmann and Quinif, 2002; Richardson and Brown, 2005; DPW, 2010; 
Reger, 2010; IAP, 2011; Republic of South Africa, 2011). Even where DRR measures are applied and 
conservative decisions regarding development choices made, the hazard continues to present a 
threat to built structures and human safety. Particularly, sudden surface collapse may cause deaths, 
injuries and damage to property, with reference to such losses in South Africa by Hawke (1975), 
Brook and Allison (1986), Schoning (1990), Kaytech (2006), Environomics (2012) and Mchunu (2012).
Gauteng experiences a critical juncture between densely populated human settlements and 
significantly high dolomite hazard levels (Heath, personal communication, 2011). In order to address 
the development-on-dolomite issue since the 1970s, South Africa has since designed, refined and 
implemented pre-development assessment and reporting procedures, national standards, building 
regulations and guidelines. These technical systems govern formally approved development of 
human settlements on dolomitic ground and have undergone revision in the early 2000s, with 
specific refinement again taking place since 2010 (DPW, 2010; South African Bureau of Standards 
(SABS), 2012; Oosthuizen, 2013). Within this framework of governing "rules", development on 
dolomite is possible given the implementation of investigations and remedial measures before 
developments commence (Heath, personal communication, 2011).
Examples of formally approved development on dolomite in Gauteng include Lenasia (Mchunu, 
2012), Centurion (CoT) (Kaytech, 2006; Environomics, 2012; Chapman, 2013; Martins, 2013a, b; 
Oosthuizen, 2013; Velleman, 2013; du Plessis, 2014; Mnguni, 2014), and the Gautrain rail alignment 
(Gautrain, 2010) that runs between the City of Tshwane (CoT), Johannesburg and Ekurhuleni 
Metropolitan Municipality (EMM) (Some of these areas are indicated in Figure 1.2.3). By 2001, at 
least 270 000 formally approved dwelling units (including subsidised low-cost housing) in the 
province had already been built on dolomitic ground, while between 2001 and 2009, at least another 
55 500 new residences were added to this number, on dolomite of varying hazard levels (GCRO, 
2011a). In Centurion, in particular, significant densification is occurring, with a number of high-rise
29
commercial buildings proposed and blocks of flats reaching four to five storeys high being 
constructed (Nene, personal communication, 2014). Ahmad (2013) reported rapid growth in the 
numbers of backyard shacks across Gauteng over the past two decades, with the trend expected to 
continue. This occurrence is confirmed by Eskom's spot building count (Eskom, 2013) and the GCRO 
visualisation of backyard dwellings (2013) (both GIS data sets derived from satellite-image data).
In formalised settings in South Africa, land uses and housing densities have been classified and 
considered for approval based on a range of dolomitic hazard levels, thereby aiming to provide an 
acceptable level of "living with risk" to those communities (CGS, 2007). However, the definition of 
the categories of formal development types on dolomite did not foresee the proliferation of 
indeterminate settlement configurations which include informally constructed dwellings and un­
registered backyard units not approved or registered via formal municipal processes (GCRO, 2013), 
or even entire informal settlements. Recent amendments and additions to development on dolomite 
standards (SABS, 2012) address some of the elements of informality and regulate through intensive 
site investigation. However, potential development of land where funding for such investigations is 
not available is thereby ruled out, or access for drilling equipment is physically restricted due to 
narrow pathways.
In Gauteng's urban areas, the proportion of settlements that intersect with hazardous dolomite is 
increasing, in parallel with the progression of settlement densification. Where large numbers of 
individuals and households with relatively low-incomes settle in or near these dolomitic-underlain 
urban areas, the disaster risk is considered to increase dramatically (Kleynhans, personal 
communication, 2012). It is not only on dolomitic ground that the challenge is taking place. The 
contestation of space is fuelling an energetic debate throughout the Province, with a number of 
appeals to allow settlement development and informal settlement upgrading ending in the Courts, a 
number of which are discussed by Chenwi (2012). As examples, the cases of Bapsfontein and Protea 
South settlements, both located on dolomite, are highlighted.
Bapsfontein Risk-based Relocation
The case of Bapsfontein informal settlement started around 2004 when the instances of dolomitic 
sinkholes in the area prompted EMM to commission geotechnical investigations (Pheko v EMM, 
2011a, b). Findings showed a depression with perimeter sinkholes as close as 100m to the primary 
school in Bapsfontein. Sporadic sinkholes, depressions and cracks within the settlement were 
discovered and the area was deemed unsuitable for "mass housing" based on the geotechnical
30
reports (ibid.). By 2009 EMM made the decision to relocate the settlement to a temporary location 
based on the level of disaster risk, in terms of Section 55 of the South African Disaster Management 
Act (Act 57 of 2002) (DMA) (ibid.). After resistance to relocation, forced relocation took place in 
March 2011. The North Gauteng High Court (Pretoria) dismissed an application by the community 
for disaster relief and held that forcible relocation and demolition of their homes by the EMM was 
lawful. The applicants then turned to the Constitutional Court, which set aside the High Court 
decision and declared the relocation unlawful. Several issues were identified regarding the 
interpretation of the Disaster Management Act and the process that the Municipality followed. For 
example, the evacuation of residents based on the DMA was found not to be equivalent to eviction 
and demolition of homes, nor of doing so without a court order. The urgency of the matter was also 
questioned due to the time it took between the hazard being identified and the settlement being 
relocated (ibid.).
From a review of the relevant documentation related to the case, more effective engagement and 
awareness processes could have alleviated the severity of the situation and improved the level of 
appropriateness of the actions that were taken. The question arises as to what the meaning of 
"meaningful engagement" signifies for different individuals or groups. By November 2012 the 
Bapsfontein community had organised themselves into two groups: the "N12" and the "Mayfield" 
Communities (Pheko, 2015). The N12 Community were willing to relocate to the Daveyton Farm and 
parts of Putfontein and Mayfield Extension and confirmed that they were adequately consulted 
(ibid.). However, the Mayfield Community were unhappy with the quality of the consultations (ibid.). 
The Constitutional court ruled in May 2015 that although not found in contempt, the Municipality 
has not complied with the Court's directions and orders and has breached its constitutional 
obligations by failing to abide by the orders. The EMM's Mayor, the Municipal Manager and the 
Head of Department for Human Settlements were called to personally respond to certain elements 
of the case and the Gauteng Province Member of the Executive Council (MEC) for Human 
Settlements were joined to the case for the purpose of supervisory implementation (ibid.). 
Throughout the process, the community remained in temporary housing.
Protea South Informal Settlement Ongoing Case
For Protea South (Mnisi v CoJ, 2009 and Mnisi v CoJ, 2014) the situation revolves around the 
communities request for in-situ upgrading, with potential relocation on the cards in order to resolve 
inadequate housing and basic services access. In this case, the stakeholder consultation process is of 
specific interest with regard to the manner in which community engagement on dangerous ground is
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approached. The original township plan (dated 2003) was meant to accommodate about half of the 
approximately 6000 households in the Protea South location. By 2006 no development has taken 
place yet and a dolomite geotechnical investigation concluded in that only 583 stands could be 
developed.
Communication and meetings since then did not result in positive and effective community 
engagement. Subsequently, in-situ development was to be abandoned in favour of relocation of the 
entire settlement. In this regard the High Court found "a disturbing pattern of official indifference" 
(ibid.: Section 23), lack of meaningful engagement and unilateral decision making. The dolomite 
situation was noted, but not attended to in detail. The Court found the City of Johannesburg obliged 
to:
• have a programme to address the situation in a mediated fashion;
• provide immediate basic services; and
• progressively realise the right to adequate housing for the applicants.
The case thus shows the need to implement improved consultation processes to arrive at a 
mediated solution. The three items listed above is a requirement in terms of Section 26 of the 
Constitution and Chapters 12 and 13 of the Housing Code (DoHS, 2009) and was as such a key 
focus of the Court's decision. It is during these meaningful engagements and consultative 
processes where awareness of the technicalities involved in development-on-dolomite can 
potentially be shared with communities. By 2012 the residents were still living in a desperate 
situation and the matter of understanding the key dolomitic concerns and possible 
interventions remain contested (GCRO, 2012a) and this remains the case to date.
The cases referred to allude to a critical need fortimeous and effective community engagement, 
towards arriving at a mutually agreed-upon decision when considering development, upgrading or 
relocation of low-income and specifically informal settlements. The technicalities of dolomitic 
ground are realised to be of such nature that courts are not in favour of engaging in professional 
debates or consider differences that may exist between outcomes of geotechnical investigations, 
and the geotechnical reports are not called into question, even if only submitted or referred to in 
part. Thus, interventions when settlements are faced with developmental and upgrading challenges 
may not be served by technical objection, but rather served via behavioural and communicative 
interventions.
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1.2.3 Settlement vulnerability on dolomitic ground
In densifying African cities, increased housing demand arises from among others the perceived 
ability of urban economic hubs to provide job opportunities as well as perceived ability for 
improvement of individual and household socio-economic status (Demurger, Sachs, Woo, Bao and 
Chang, 2002). The influx of residents into urban hubs results in increased pressure for provision of 
housing to accommodate the populace (Mosoetsa, 2010). There is also an increased tendency for 
poor communities worldwide to settle on potentially hazardous ground (Vodmani, 2001; Sagala, 
2006; Tacoli, 2011), exposing them to additional pressure when climate change is considered (Bigio, 
2003; McGranahan, Balk and Anderson, 2007; Satterthwaite et at., 2007). The presence of 
communities living in potentially dangerous geographical locations is of particular concern since they 
exhibit lowered capacity to absorb the impacts, and to financially and emotionally manage and 
physically recover from even minor disruptive events (Storie, 2012b).
In the Gauteng landscape, quartzite ridges are prominent, while rivers, wetlands and floodplains, 
and gold mining residue areas present additional physical and environmental constraints to the 
spatial distribution potential of urban development in the region (Storie, 2014). The vast expanse of 
dolomitic ground, covering 25% of the province (CGS, n.d. (a)) (Figure 1.2.1c and Figure 1.2.3), is 
therefore increasingly being considered for construction of industrial and residential features. The 
steady increase of inhabitants per square metre (m2) in urban densities suggests that development 
on hazardous ground would be difficult to curb, especially where informality (shack and backyard 
dwelling construction) is involved.
Figure 1.2.3 shows a map overlaying the Gauteng Provincial Department of Housing informal 
settlement polygons (areas) and informal dwelling point density data that was developed using high 
resolution satellite imagery in Gauteng. The figure reflects on the proliferation of informal and 
backyard dwellings in settlements such as Thembelihle, Protea South, Bapsfontein, Winnie Mandela 
Park, Khutsong, Thusong and Ivory Park (Figure 1.2.3). These areas are located close to, partly or 
entirely on dolomite. Thembelihle is an informal settlement where, after initial consideration for 
relocation to Lehae, formal housing development and service delivery is currently being earmarked 
(Planact, 2015). Protea South remains engaged in legal processes to determine their future, with 
possible relocation to an area called Doornfontein. The Bapsfontein settlement was relocated to a 
site 30km away from its original placement, while Winnie Mandela Park was an informal settlement 
that was developed cautiously and taking into account geotechnical engineering requirements, 
despite being underlain by dolomite. Khutsong and Thusong are in various stages of development
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and provision of services, while some areas are being relocated based on dolomite hazard levels. 
Ivory Park was partly developed as serviced sites pre-1994 without clear guidelines regarding how 
dwellings would be constructed on the dolomite, while a more recent housing project approximately 
ten years ago implemented dolomite-approved raft foundations (Warwick, 2011).
Managing or policing the construction of backyard structures in low-income areas after formal 
development is completed is a challenge. The most recent South African census data reveals 305 682 
households living in informal backyard structures in Gauteng (StatsSA, 2011). However, mapping 
based on satellite imagery indicate possible undercounting.
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Figure 1.2.3: Urban land cover, informal settlements and dolomitic ground in Gauteng
Source: Map compiled by GCRO (2011a).
The existence of possible undercounting in some informal settlement has to be recognised (du 
Plessis and Landman, 2002; Turok, 2012). With low-income settlements in the developing world 
predicted to increase in size, density (Osman and Herthogs, 2010) and level of vulnerability 
(McGranahan et a i, 2007), the possibility of undercounting alerts to an ever-increasing fiscal burden 
on governments to provide basic services (Tacoli, 2011). Where such settlements are located on
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potentially dangerous ground, especially when service provision is contemplated after settlement 
establishment, added challenges are expected. This means that settlement development or 
upgrading on dolomitic land, involving geotechnical investigations, interventions and potential 
infrastructure construction, would become increasingly costly. The longer decisions regarding 
development and upgrading are delayed, the more costly interventions are expected to be.
1.3 The research problem
1.3.1 An applied knowledge gap
Assessment of low-income human settlement vulnerability to natural hazards presents opportunities 
to:
• explore the confluence of human settlement exposure to disaster risk,
• investigate socio-economically driven household behaviour, and
• explore technical requirements designed to guide urban form and function.
Such research enables insight into elements that constitute the disjuncture between uni­
dimensional disciplinary research and associated regulatory instruments. An understanding of the 
fundamentals that underpin settlement vulnerability within a regulative and technical context 
highlight a necessity for behavioural appreciation and subsequent cognitive public awareness and 
intervention when pursuing disaster risk prevention, -mitigation, -reduction and -management.
My research considers the significance of low-income settlement types relative to perceived human 
behaviour in association with principles of DRR. I hypothesise that an understanding of settlement 
type in relation to human behaviour, based on information sharing regarding technical 
considerations of DRR could advance decision making policy and processes, thereby addressing 
conflicts in the development-on-dolomite debate. Subsequently, reduced vulnerability may be 
possible when living with risk.
The guidelines and physical vulnerability evaluation methods that support geotechnical risk 
assessment in South Africa address hazard levels for dwellings on dolomitic ground. Low-income 
human settlements as opposed to medium- and high-income types are not considered in significant 
detail or categorised in a wide variety of forms within the hazard assessment environment (DPW, 
2010). My research addresses this gap and provides an avenue for increased interaction between 
settlement planning processes and community behaviour, to reduce the vulnerability of residents 
living on dangerous ground. Since disaster risk assessment does not only consist of hazard
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investigation but also factors in vulnerability and manageability, an interrogation of elements of 
settlement type and related human behaviour that influences vulnerability could increase the overall 
possibilities for low-income settlement DRR.
Throughout South Africa's history, the positioning and development of low-income settlements was 
multifaceted with complexities rarely recognised in housing and urban planning regulatory 
frameworks. The assumption was that modest orderly town planning patterns could address housing 
development challenges (Huchzermeyer, personal communication, 2014). When the first 
democratically elected government came into power in 1994, it faced challenges of implementing 
plans to reduce low-income housing backlogs as well as spatial exclusivity resulting from apartheid 
planning policies (du Plessis and Landman, 2002). More than two million low cost houses were 
constructed since then (Mosoetsa, 2010) and although a backlog remain in terms of housing 
provision, varied trends are observed regarding urban migration where some rural areas are seeing 
residents return from urban areas, thereby reducing rural housing demand.
Changing housing policies, the policy context and the nature and extent of service delivery over the 
past two decades (Mosoetsa, 2010) shape the current realities of potentially dangerous 
development on dolomite. As alluded to earlier, with the examples of court cases cited and as 
presented by Huchzermeyer (2009), the interpretation of legislation and municipal housing and 
service delivery policies do not align consistently. The Constitution (Republic of South Africa, 1996) 
states everyone's right to access to adequate housing. Therefore, the State must take measures to 
achieve the realisation of this right while at the same time not evicting anyone from or demolishing 
homes without consideration by the Court (ibid.). Within this context, geotechnical reasons cited to 
support removal of settlements are difficult to uphold, since the right to housing then conflicts with 
the right to a safe living environment.
In addition, the acceptable level of service provision may be interpreted disparately by different 
municipalities. Considering that some low-income settlements have been located on potentially 
hazardous dolomitic ground for many decades and backyard dwellings proliferate even in newly 
planned settlements on dolomitic ground, contestation between housing and safety remain rife. By 
enabling pragmatic knowledge of the dangers associated with living on dolomitic ground in 
association with low-income settlement types, my research pursues a method that presents officials, 
planners and communities with a better understanding of the need for increased participation and
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awareness of the risks involved. This may contribute to bridging the gap between demand for 
constitutionally stated human rights and the hazards associated with dolomitic disaster risk.
With regard to vulnerability on dolomitic ground, medium to large dwelling units, with foundations 
of on average 13m x 13m, or 170m2 or larger (Kirsten, Heath, Venter, Trollip and Oosthuizen, 2009), 
constructed from brick and mortar with formally designed water-bearing infrastructure (for example 
piped water and flush toilets), dominate residential geotechnical solutions in South Africa. Few of 
these characteristics are relevant to low-income settlement types, where structures are small and 
often informally built, basic services are lacking or provided after initial development took place, and 
population densities are high. Furthermore, the risk posed by water-bearing infrastructure of 
formally planned and developed dwellings and the assumed maintenance regime of such 
infrastructure is significantly different from the informally and sometimes illegally constructed often- 
leaking and irregularly maintained waterborne infrastructure in lower income settlements 
(Kleynhans, personal communication, 2012). Only one study thus far investigated the context of low- 
income settlements on dolomite in South Africa (Buttrick, Trollip, Watermeyer, Pieterse and Gerber, 
2011), and this approaches the problem from an engineering perspective where geotechnical design 
is the key focus with regard to the settlement exposure to dolomite risk. My study creates additional 
awareness of the need for increased consideration of the behavioural elements related to the 
physical vulnerability of low-income human settlements on dolomite.
1.3.2 The Problem and Rationale
In South Africa, there is agreement among technical sciences that it is possible, under certain 
circumstances, when following prescribed procedures and grey or traditional infrastructure 
interventions (as opposed to green, natural or ecological infrastructure) to develop on dolomite 
(DPW, 2010; SABS, 2012; Mnisi v CoJ, 2014). These interventions vary, depending on differences in 
settlement characteristics primarily related to development density. However, since low-income 
settlements do not conform to formal settlement characteristics and there is varying dwelling 
density due to its informally developed origins, decision making regarding low-income settlement 
upgrading on dolomite faces a complex challenge where investigations have to be conducted after 
establishment. The debate that currently surrounds the challenge alludes to an interdisciplinary 
approach where different professional areas and transdisciplinary engagements between academia, 
practitioners, officials and communities involved could be integrated to find a solution to the 
challenge.
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While well-founded evidence-based hazard assessment procedures exist to guide developments on 
dangerous ground internationally, a number of subjective and scientifically unproven processes are 
also promoted (Galve , Bonachea, Remondo, Gutierrez, Guerrero, Lucha, Cendrero, Gutierrez and 
Sanchez, 2008). This discrepancy tends to confuse non-technical persons and communities, thus 
increasing the level of conflict that persists when debates regarding development and upgrading of 
low-income settlements on dolomite arise. It makes the application of housing and development 
policies, guidelines, criteria and standards challenging. The unravelling of unique combinations of 
settlement types implies significant resource expenditure. The dolomite hazard evaluation process 
applied in South Africa displays variations with regard to distribution sequences of sinkholes (Kirsten 
et al., 2009), which ultimately affects the uniformity of hazard assessments between settlements. 
These variances relate to the requirement in drillhole density based on the size of areas investigated. 
In addition, communities that are the subjects of decision making often have difficulty in 
understanding not only the decision process itself, but also the reasons for decisions made. As such, 
communities find it difficult to distinguish appropriate from inappropriate settlement development 
and DRR behaviour. The emergence of low-income settlements with multi-faceted characteristics 
and potentially undesirable post-development and post-upgrading resident's behaviour with regard 
to waterborne infrastructure maintenance therefore pose major challenges for urban planners and 
regulatory decision makers.
If the highest level of basic infrastructure service provision, such as fully reticulated water and 
waterborne sanitation to individual dwellings, is the norm for all subsidy-funded developments, 
elimination of South Africa's housing backlog will be unattainable (CSIR, 2000). Apart from increasing 
the pressure on existing resources to deliver the promise of such high-level service infrastructure, 
such a policy direction makes decisions regarding the level of intervention that is applied to different 
geographical situations a difficult one. Although guidelines such as the Red Book (CSIR, 2000, 
currently under review) exist, the development or upgrading of low-income settlements on 
dolomitic ground remains un-nuanced. This lack of clear guidance to inform development decisions 
effectively on a non-technical basis sometimes results in delays in the decision making process. In 
addition, there is an absence of consideration of human perception and behavioural elements during 
disaster risk continuum. These deficiencies call for additional elements to be included in the 
assessment of physical vulnerability and management of disaster risk. Ultimately, there is a need to 
inform the development-on-dolomite debate and contribute to decision making that considers 
alternative options in housing policy development and implementation, from the perspective of 
settlement type and associated human behaviour (Figure 1.3.2).
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Source: Compiled by author
1.3.3 The broader context of the research problem
The research is positioned in the broader global context of a need for change in the way that we 
prepare for, mitigate and respond to physical or "natural" disasters (where natural disasters are 
often human-induced), and a transition towards more sustainable societies worldwide. The research 
was initially sparked by the conceptualisation of sustainability and vulnerability in densely populated 
urban environments, in which I was involved in at the Gauteng City Region Observatory (GCRO) in 
2010. I subsequently motivated further GCRO work, the theory and figures of which was primarily 
used in this thesis.
In an effort to find lasting solutions to challenges, serve human settlements and support livelihoods 
that provide an acceptable quality of life, disciplines such as engineering, geology, planning, policy 
making and risk management have to find collaborative solutions to apply the existing knowledge. 
Since risk is a function of its acceptability by a particular group or groupings of people and their 
ability to recover or provide assistance for those that need it during the recovery phase to return to
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normality or a stable state, role players in the process may consider different solutions with varying 
degrees of approval.
This research spans a number of disciplines and does not aim to exhaust all the possibilities and 
permutations of the debate that exist. I propose an approach to considering risk based on varying 
aspects of physical risk, such as vulnerability, manageability and capacity or resilience, which 
influences community risk related behaviour, as opposed to the hazard itself. The application to the 
specific environment of low-income settlements on dolomite, with the research focussing on 
Gauteng as study area, provide the context within which adaptations to the method may be made 
elsewhere in the world and in different contexts. The study was conducted between 2011 and 2015 
via the University of the Witwatersrand, Johannesburg, and reflects a time when the Gauteng region 
experienced an urgent call from poor communities for the meeting of basic needs and provision of 
access to land or formal housing.
1.3.4 Research arguments
The research is reinforced by three arguments: First, there is the argument that informal settlements 
should, wherever possible, be upgraded in-situ as opposed to their inhabitants being relocated. 
Therefore, carefully constructed support tools are required to assess dolomitic risk during the 
decision making process of settlement upgrading, with relocation as a last resort (HDA, 2004). The 
research approach suggests that current scientific geotechnical assessment guidelines are not 
particularly effective when used for decision making in informal settlement upgrading cases. This 
results in authorities not upgrading settlements where risks could be mitigated effectively and the 
social structure of communities remain intact. However, informal settlements are not the only ones 
affected by pre- and post-development concerns when located on dolomite.
This leads to the second argument, which is based on the characteristics of informal settlements, 
social and subsidised housing development, which in its design at present is not responsive to the 
geological strata on which they are constructed. Current guidelines for development are very 
specific regarding the allowed number of dwelling units per hectare (Du/ha) on dolomitic ground, 
but do not specify unique sizes for such units, especially in the range of small dwellings 
(approximately 100m2 or less). The research argues that the possibility exists to select a range of 
settlement designs and density characteristics, along with behavioural intervention, to improve long­
term viability and safety of government-funded or subsidised housing on dolomitic ground, in a
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different form from the typical freestanding housing type. The hierarchy of settlement types 
presented in this research were defined based on a set of variables that form the foundation of the 
vulnerability evaluation method: it recognises that no one settlement type is perfectly represented 
in the real world, with permutations and combinations of settlement types existing within suburbs 
and townships. The hierarchy was considered through an investigation of sample sites across 
Gauteng as well as some hypothetical settlement types.
The third argument focuses on the likelihood that climate change will cause dolomitic risks to 
become more severe. With climate change denoting rainfall variances, resultant changes in ground 
water levels may be expected. Any change (a rise or a fall) in ground water level may increase 
dolomitic hazard levels (Brackley, Rosewarne and Grady, 1986). Current South African mainstream 
publications such as the Climate Change Adaptation Plan (CoJ, 2009b) and the CoGTA guide entitled 
"Adapting South African cities and towns: A local government guide to climate change adaptation 
planning" (SEA, 2013) largely ignore the risk that ground water level changes may have in relation to 
an increased risk of doline and sinkhole formation. Therefore, a conscious effort is necessary to 
tighten planning instruments and increase awareness at community and government level, in 
relation to dolomite risks, in order to improve an understanding of the possible risks that cities may 
face because of climate change.
1.3.5 Conceptual framework
A theoretical or otherwise referred to as a conceptual framework is an intermediate theory that 
attempts to connect all aspects of inquiry of the research. It acts as a map imparting coherence to 
the empirical enquiry followed throughout the research (Maxwell, 2005). There is a variety of 
elements involved in the intersection of low-income settlement types and infrastructure (Figure 
1.3.5) with dolomitic ground as a naturally occurring hazard (the orange block with associated bullet 
points). The intersection indirectly means that settlement vulnerability is characterised by elements 
such as loss of assets and injury or fatalities, especially in the case of low-income settlements. 
Dwelling- and infrastructure design and maintenance affect the risk of subsidence and sinkholes.
Figure 1.3.5 organically evolved during a research writing retreat hosted by the GCSRI. I initially 
wrote the research concepts and elements involved on pieces of loose paper, which I then shuffled 
around and arranged according to categories and themes related to my research topic. The element 
of human behaviour was added towards the end of the research process only. The framework
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relates to existing international and national conceptualisations of housing risk and vulnerability. 
These are referred to in Sections 2.2.2 and 2.2.3 of the literature review.
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Figure 1.3.5: Conceptual framework of the research
The research promotes the importance of low-cost intervention as a measure to increase the 
resilience of poor households and improve their socio-economic conditions. Where housing is 
provided within the larger paradigm of asset-building through home ownership (as is the case with 
subsidised housing), the aim is to prevent these assets from losing value over time. This value­
building process associated with vulnerability should be critically considered when laying 
settlements over marginalised land.
The interdisciplinary investigation and new knowledge that the research generated culminated in 
the presentation of a physical vulnerability evaluation tool. It could also be referred to as a fragility 
assessment tool (NORSAR, n.d.) that can be applied in the use of settlement development and 
upgrading decision making. The evaluation presents an image- and graphically rich and easy to 
comprehend decision support tool, which development planning officials and other specialists or 
educators may use to identify the potential applicability or suitability of a selected dominant low-
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income settlement class with regard to dolomitic ground of specific hazard classification. The tool 
thus addresses the multi-faceted issue of governance decision making in the face of marginalised 
land but more importantly, also highlights the need for expanding the application of physical 
vulnerability assessment techniques worldwide.
1.4 Purpose of the study
1.4.1 Contribution to science
Internationally, especially in developing countries, infrastructure and built environment choices are 
generally based on short-term horizons and immediate needs, while the infrastructure life generally 
spans many more years. This means that decisions made with regard to short-term goals have a 
significant lock-in effect in terms of enabling the transition of the built environment towards 
becoming more sustainable overtime. Similarly, the cost of low-cost dwellings is often considered 
from an initial investment and development perspective (Davidson and Malloy, 2009) as opposed to 
also considering future maintenance requirements and reconstruction costs in the event of damage 
or destruction.
In addition to this global situation, with the allocation of freehold titles in South Africa the 
government absolves itself of future responsibility for housing that it develops or subsidises once the 
land has been transferred (with the exception of the National Home Builders Registration Council 
(NHBRC) warranty period) (Huchzermeyer, 2011a). Hereby, the costs of maintenance and the risk of 
subsidence transfers to the beneficiary. These beneficiaries may not necessarily understand the 
complexities of the risks they face. Although the NHBRC provides short-term warranties (from three 
months to five years) (NHBRC, n.d.(b)), with warranties focused mainly on protection in relation to 
building quality and not as much clarity in relation to pre-existing ground conditions, it demonstrates 
a responsive approach towards disaster risk management, as opposed to a DRR, prevention and 
mitigation tactic.
The contribution is a paradigmatic one that brings together geomorphological conditions, disaster 
risk assessments, built environment planning and socio-political decision making as they intersect 
through investigating a global city region shaped by extreme inequalities. The research speaks to a 
political context where Constitutional rights (Republic of South Africa, 1996) and people's right to 
the city (Lefebvre, Kofman and Lebas, 1996; Purcell, 2003; Harvey, 2008; Gorgens and van Donk, 
2011) are often associated with mass political mobilisation (Harvey, 2012), as is the case with
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Abahlali baseMjondolo (Gibson, 2008; Patel, 2013). This context is juxtaposed with financial, 
geological and engineering realities faced by city planners, often rendering officials unable to deal 
constructively with the issue of communities that live on marginalised land and opening up the 
decision making process for potential abuse. The research method and the incorporation of multiple 
viewpoints highlight the forces that drive the establishment of low-income settlements on 
marginalised land in often unsuitable forms as being typical of developing (or unevenly developing) 
country contexts.
1.4.2 Contribution to South African communities
Apart from the scientific focus, this research enlightens investigations into global change trends 
towards a more resilient humanity through consideration of specific settlement characteristics and 
types suited to dangerous ground. From a holistic perspective, the method presented in this 
research provides the opportunity to bring different schools of thought together, combining their 
skills and expertise towards a solution for unique situations where uniform approaches have to date 
not proven to reduce risk. In turn, it opens the door for a range of solutions to flow from the 
adaptation possible within each of the variables and each of the indicators, allowing specialists and 
practitioners to present their inputs and results to a global audience that may not necessarily have 
the background to otherwise interpret the findings effectively. By presenting technical complexities 
in a manner that makes logical as well as technical sense, the gap between technical specialists and 
the average citizenry could be bridged in an effort to change the behaviour of especially urban 
residents in order to reduce the risk of disaster that they may be exposed to. When the disaster risk 
is reduced less resources have to be channelled into re-building or re-storing when disasters strike. 
This in turn allows for not only a safer and happier humanity, but improved quality of life overall. 
This notion supports the principle that "it is essential that resources be used as efficiently as 
possible" (CSIR, 2000).
1.4.3 Research application
As far as I am aware, there has never before been an attempt to bring the diverse disciplines and 
practicalities that relate to each element that forms part of the debate in South Africa (for example, 
risk management, geology and geotechnical elements, and settlement theory) together in this 
manner to find a solution to a very pressing challenge. As I show throughout this thesis, this research 
subject has traditionally been fraught with difficulties of applying complex geotechnical theories and
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practicalities that exist in the physical environment to fast-changing and complex fluxes in human 
habitation.
In a time of intensified urbanisation, considering rural-urban interactions and livelihood strategies 
especially in the developing world (Tacoli, 2011), research of this nature opens up the scope for 
increased urban densification in the face of potentially dangerous living environments. The 
application of the method hopes to promote sustainability in urbanised living spaces by advancing 
our understanding of the interactions between the physical space we inhabit (such as geology and 
settlement type), and the way in which we maintain it (related to for example infrastructure design, 
management and operational behaviour). The evaluation method applied in this research could be 
utilised further than the field of dolomite and low-income human settlements; for example to 
determine the measure of sustainability that an existing or planned low-cost housing development 
portrays in relation to other types of hazards posed by geographically marginalised land. It has the 
potential to be extended to urban areas with similar characteristics worldwide, thereby supporting 
the knowledge base for sustainable development on a global scale.
1.5 Process, methods and materials
1.5.1 Research question
In the framework of this research, societal change over time (temporality) gives rise to different 
settlement patterns and community behaviour, which in turn affects how settlements respond to 
vulnerabilities related to their living environment (spatiality). With regard to human settlement on 
dolomitic ground, temporality reflects changes that may take place over time in relation to the 
perceived dangers associated with specific dolomite hazard classifications (such as when 
classifications across geographical space differ, depending on the hazard classification method based 
on accessibility of areas or budget-availability that may influence the drillhole sampling process 
during geotechnical assessments). Temporality also reflects changes in hazard evaluations when new 
or additional geotechnical knowledge or tools for sampling or assessment become available. 
Furthermore, there is a significant dependence on the management and maintenance of water­
bearing services (for example, pipe leakages), and physical fluctuations such as changes in rainfall 
patterns and infiltration rates, or the lowering of the water table.
The major knowledge gap that this research proposes to bridge is that, especially in the face of 
major urban growth and densification with associated spatial development planning, there is no 
clearly defined method to consider the vulnerability of low-income settlements already located on
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the vast tracts of dolomitic ground that stretch across urban environments locally and 
internationally. In addition, where greenfield development takes place and geotechnical 
investigations are applicable, the socio-economic environment and community behaviour may in 
retrospect endanger low-income settlements that may originally have been considered and 
developed as safe -  either via poor water infrastructure maintenance or through densification via 
backyard dwelling unit infill. The central research question is thus: "How can low-income human 
settlement types and related variables be considered during physical vulnerability assessment, in 
addition to existing dolomite hazard classification?" Sub-questions included:
• What different low-income settlements types can be identified?
• What variables influence low-income settlement vulnerability on dolomite beyond strict 
building regulations and guidelines?
• How do these variables relate to each other in terms of its perceived importance by 
specialists in the field of development on dolomite?
1.5.2 Underlying research assumptions
Initially, the research proposal identified an assumption that guided the research exploration: the 
assumption was that it is possible to identify and investigate characteristics of low-income 
settlements, and that their potential vulnerability can be established in relation to marginalised (that 
is, potentially dangerous) geographical locations, dolomitic ground in particular. Furthermore, the 
hypothesis was that a physical vulnerability assessment protocol, in the form of a vulnerability curve, 
could be defined which could enhance decision making when applying the existing dolomite hazard 
classification and development guidelines and regulations when investigating settlement relocation, 
development or upgrading scenarios. Thus, the notion existed that when viewing varying settlement 
characteristics and dolomite risk criteria collectively, from a purely technical perspective, the result 
could provide a supporting methodology when making developmental decisions. Such a tool would 
be an enabler of developmental and governmental policy making, enhancing the understanding of 
the impact that selected settlement development or upgrading choices may have in terms of long­
term sustainable livelihoods and community stability. The application of the method would be of 
particular interest where densely populated urban areas occur or where settlements are located on 
potentially dangerous ground.
The mere provision of basic water and sanitation services significantly increases the potential for 
dissolution of soil and the subsequent formation of dolines and sinkholes. This is particularly true in
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an uncontrolled and unmonitored environment as is characteristic of informal settlements 
(Kleynhans, personal communication, 2012). In addition, such service provision, although enabling 
basic human needs to be met as stated by the Bill of Rights (Republic of South Africa, 1996), 
formalises and sanctions community exposure to increased disaster risk. The conundrum clearly 
highlights the opposing standpoints that form the core of the debates around basic service delivery, 
safe housing provision, sustainable development and what constitutes acceptable levels of "living 
with risk". The contribution to knowledge which the research provides is an addition to the growing 
body of literature addressing the broad understanding of the intersection between disaster risk and 
human settlement sustainability. Dolomite assessments currently interrogate only hazard levels.
The rationale of the proposed research is to investigate the risk of low-income settlement types on 
marginalised dolomitic ground, and propose an evaluation method that can be used to present 
elements in the risk equation, other than only hazard, in relation to dolomite. Thus, I aim to include 
elements of risk such as vulnerability countered by manageability and capacity, into the dolomite 
risk assessment. A complex set of factors in the form of indicators was combined into the evaluation 
process for it to add value as a decision support tool for government officials, planners, geologists 
and engineers alike, as well as for academic teaching purposes in a multitude of disciplines (for 
example Geo-Informatics, Disaster Risk Management, Geology and Engineering).
This process enhanced the knowledge and understanding present in the drive that currently is taking 
hold worldwide towards increasing the sustainability of human settlements. The physical 
vulnerability evaluation method could furthermore provide insight into the situation of different 
low-income settlement types, thereby potentially addressing some elements related to the creation 
of sustainable human settlements worldwide in the face of global change, including increased 
urbanisation and climate change. The evaluation method may also apply in in-situ upgrading of 
informal settlements to help determine what settlement or tenure type could be provided so as to 
enable such upgrading, rather than falling back on relocation as a solution (Huchzermeyer, 2011a). 
This would help unlock in-situ upgrading on what often is considered to be unsuitable land.
1.5.3 The aim and objectives of the research
The research aims to provide a basis for an improved understanding of the long-term sustainability 
implications of low-income settlement development or upgrading on dolomitic ground. It supports 
the reduction of human settlement vulnerability, with associated increased sustainability, while
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considering interventions that is not limited to hard infrastructure and technical mediation. In 
addition, the importance of the need to consider the repercussions of locking an urban region into a 
potentially unsustainable built environment trajectory is highlighted. In its totality, the research 
reflects on the sustainability of the urban environment with regard to global changes and local 
challenges.
The broad objectives of the study are:
• To compile spatial data of the selected marginalised land types, to support the thesis 
discussion;
• To investigate the characteristics of low-income settlement related to its design and density 
in correlation to dolomitic ground;
• To investigate methods of assessing physical vulnerability and presenting related research 
outputs;
• To establish the relative importance of criteria of vulnerability, manageability (such as 
municipal intervention) and capacity (of inhabitants) for low-income settlement types on 
dolomite; and
• To consider conditions that influence low-income settlement vulnerability on dolomitic 
ground as related to human behaviour, and determine the relevance thereof in decision 
making related to settlement development and/or upgrade.
Although the initial notion of my research was to develop a physical vulnerability curve on which to 
plot low-income settlement types, this proved ineffective. Instead, I applied a Multi Criteria Analysis 
(MCA) method called 'Analytic Hierarchy Process' (AHP) to allow for the analysis of the multiple, not 
always directly related, technical and non-technical criteria involved in the research question. The 
assessment protocol is based on variables that directly influence the physical vulnerability of low- 
income settlements on dolomite, with the resultant product enabling greater insight into the 
nuances of these settlements and the differences that developmental and upgrading decisions, as 
well as human behaviour may have on the sustainability of such settlements on dolomitic ground.
1.6 Outline of the thesis
When investigating residential development on dangerous ground, the challenge arises as to the 
delineation of the boundary of the research. There are many potential variables that may influence 
the physical vulnerability of such settlements, and when low-income settlements in particular are 
considered, complexities increase. In the light of these intricate relationships between the physical
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environment, human behaviour, policy and development guidelines and provision of basic services I 
constrain the research output to focus on the benefits it may hold with regard to ultimate DRR in the 
urban environment.
Chapter one of this thesis provide an overview of the development-on-dolomite debate in the 
context of South Africa and in particular in relation to the Gauteng Province and surrounding 
urbanised and peri-urban areas. The debate engages in particular low-income settlements, whose 
vulnerability to disaster risk related to the geological subsurface is under scrutiny. The problem 
statement, research questions, conceptual framework, research rationale and aim and objectives for 
the research was defined and elaborated on. The thesis content from here onwards probes 
literature, reality, sample sites and statistical outcomes towards the research conclusion. Chapter 
two follows a process of literature exploration and interrogation of the facts and factors that play a 
role in the vulnerability of low-income settlements on dolomite in the study area. Specific attention 
is given to disaster risk vulnerability in relation to low-income housing development, processes of 
low-income settlement upgrading, dolomite as a geological substrate that present a natural hazard, 
and technical responses to the risk it poses, in relation to low-income settlement types.
The research methodology, including research phases, each consisting of a number of steps, is set 
out in Chapter three. Phase one of the method involved the pre-feasibility investigation for the 
study, during which engagement with specialists in the debate, initial site visits and literature 
readings informed the research questions and assisted in defining the research focus areas. Phase 
two of the research method consisted of intensified field work, during which selected sites across 
Gauteng were visited a number of times to collect data and subsequently identify variables for 
settlement type characterisation and parameters for analytical assessment of vulnerability of these 
settlements on dolomite. Interviews and workshops with specialists continued during this research 
phase. The chapter also describes the statistical assessment process employed to evaluate the data 
that gathered during the course of the research using the Analytic Hierarchy Process (AHP), a multi 
criteria analysis tool.
Chapter four considers low-income settlement types and categorises these in the context of the 
study area and dolomitic ground. The settlements investigated during the course of the study are 
identified and described, and the parameters that influence disaster risk on dolomitic ground are 
designated and explained. These parameters or variables were used to construct a questionnaire 
that was employed to obtain information from specialists in the development-on-dolomite debate.
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The information was then captured, normalised and analysed using AHP software. Chapter five 
presents the research results and contemplates the outcomes of the assessment.
In light of the research method and outcomes, chapter six contemplates the implication and 
relevance thereof in terms of the study and the multiple disciplines involved in the research. 
Challenges encountered and the relevance of these challenges are embellished on. The chapter also 
reflects on the overall research objectives, process and outcome and provide a glimpse into the way 
forward for future ongoing research in this regard.
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CHAPTER 2: LITERATURE REVIEW: UNDERSTANDING THE PAST AND
EXPLORING THE PRESENT
2.1 Introduction
In 2014, an estimated 828 million people globally resided in informal settlements and slum 
conditions (WHO, n.d.(b)). These settlements are often located on unsafe or less than ideal ground 
such as alongside or on waste sites, river banks (Ngie, 2012; Weakly, 2013), steep slopes and other 
undesirable areas (WHO, n.d.(b)). Climate change is likely to exaggerate the exposure of the 
inhabitants of such areas to potentially dangerous conditions, thus magnifying "the brutal urban 
forces that have pushed the poor to the shadows of life" (Nenweli, personal communication, 2012). 
Where low-income communities are wedged in marginal spaces across increasingly densifying urban 
areas, in particular in developing regions of the world, the incidence of disaster is therefore likely to 
increase. The consequences of disaster is also often more severe than in wealthier urban areas, 
where disaster risk prevention, mitigation and insurance is more prevalent.
In Africa, where political, social and economic shocks are wide-spread (Pelling and Wisner, 2009), 
high levels of urbanisation significantly decrease the resilience of human settlements to cope with 
disasters. In this context, resilience can be defined as the ability to "bounce back or return to normal 
functioning after adversity" (Headington Institute, n.d.). With the increasing complexity of urban 
influx, strained management capacity, and with minimal resources available to build human security, 
local governments are considered a key actor in decreasing urban risk and increasing urban 
resilience (Pelling and Wisner, 2009). However, associations between urban risk and resilience have 
in some instances been described as opposing. For example, Shumow, Vandell and Posner (1999) 
noted that urban integration of low-income areas (with neighbouring areas) fostered risk as opposed 
to resilience, thereby decreasing the level of resilience that such urban areas could achieve. This 
points to behavioural consideration when considering design and implementation of interventions in 
urban risk and resilience.
Recent research with regard to urban risk and resilience and focuses increasingly on multi­
disciplinary initiatives towards exploring sustainable urban futures (Singh, 2015; Mauser and Prasch, 
2016). In the same vein, UN-Habitat (2012) puts forward a rationale that incorporates:
• the built environment;
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• physical and social infrastructure;
• the natural environment;
• the administration of land;
• urban economic capacity; and
• vigorous participation by ordinary citizens (Pelling and Wisner, 2009).
Each of these elements are functional as well as primary to the capacity of urban profiles that 
increase resilience and thereby promote disaster risk reduction (ibid). Thus, the urban environment 
is deemed to function as a system, as opposed to individual components to be addressed separately. 
Unfortunately low-income communities often lack not only one or two, but in some cases most or all 
of the listed elements above, thus facing an almost impossible situation of ever-decreasing resilience 
and facing increasing levels of risk.
This situation of vulnerability-upon-vulnerability of poor communities is likely to "push their lives 
into a permanent state of emergency" (Nenweli, personal communication, 2012), with little hope of 
extraction from their physical location or social position of residence. This chapter provides a 
literature review regarding research and multiple disciplinary approaches involved in the low-income 
settlement development-on-dolomite debate. The review includes disaster risk assessment, decision 
making processes related to development of residential settlements, sustainable development in 
relation to settlement vulnerability, and dolomitic ground as a specific hazard that intersects with 
human settlements.
2.2 Evaluating disaster risk
"The past few decades have witnessed the emergence of a new field of research concerned with 
assessing and managing risks to health, safety, and the environment."
(Glickman and Gough, 1995: 3)
2.2.1 Disaster risk management
According to the South African Disaster Management Act (Act 57 of 2002) and reflected on similarly 
by the United Nations International Strategy for Disaster Reduction (UNISDR, 2009) a disaster can be 
classified as an immediate or a slow-onset event which is beyond the capacity of local resources to 
handle (Republic of South Africa, 2002). The risk that stems from such disaster risk is the result of
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the interaction of hazards and vulnerabilities, countered by measures to manage these hazards and 
vulnerabilities (UNISDR, 2009). The calculation of disaster risk can be presented as Risk (R) being the 
result of the mathematical calculation of a Hazard (H) multiplied with Vulnerability (V), in turn being 
divided by the multiplication of Manageability (M) and Capacity (C) [R = (HxV)/(MxC)].
Man-made as well as natural hazards only pose a threat to a receptor of impact due to the existence 
of a vulnerability of some kind (Erickson, 2006). Thus, if the hazard can be known, monitored or 
controlled and the vulnerability reduced or removed, the impact of disaster may be lessened or 
removed in totality. Unfortunately, total removal of a hazard or vulnerability is often impossible, and 
therefore an acceptable level of risk (Fell, 1994) needs to be defined and agreed to by all parties 
involved. DRR therefore refers to all the elements necessary to minimise vulnerabilities and disaster 
risks throughout a society or geographical area. It includes the core DRR principles of prevention, 
mitigation and preparedness (Republic of South Africa, 2005). My research investigates potential 
options that may be included when addressing vulnerability of settlements on dolomite by 
considering a combination of approaches that go beyond geotechnical science alone.
The frequency, intensity and spatial distribution of natural hazards play a role in the estimation of 
risk and classification of hazard perimeters, hotspots or zonings (Schoning, 1990; UNISDR, 2014). 
Along with the vulnerability and potential variability in manageability of hazards, the level of risk 
changes over time. Thus, the risk may potentially never be eliminated and the objective for risk 
reduction is therefore to reduce the risk to an acceptable or tolerable level (Morgan, 1995b). 
Ultimately, the management of dolomite risk in relation to human settlements depends on the level 
of risk that is acceptable to the role players in the situation. Currently, stakeholders in the 
development-on-dolomite debate, especially in South Africa have different understandings and 
interpretations of the risk and acceptable tolerance levels (GCRO, 2011c). In addition, the position of 
Government does not consider the need for risk acceptance or taking of responsibility for risk by 
communities themselves even when they choose to live in potentially dangerous locations. For 
example, Habitat III National Report (Republic of South Africa, 2014) does not mention the 
consideration of risk acceptance or responsibility as an option to include in DRR strategies. This lack 
of integration of stakeholder engagement and subsequent acceptance of living with certain levels of 
risk reduces the opportunities to reduce disaster risk and disaster impacts in society.
According to the South African Department of Provincial and Local Government the term "disaster 
risk management" refers to integrated multi-sectoral and multidisciplinary administrative,
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organisational and operational processes and capacities aimed at lessening the impacts of natural 
hazards and related environmental, technological and biological disasters (Republic of South Africa, 
2005). As noted in Chapter 1, the disaster management continuum (also referred to as the 'Disaster 
Cycle') includes:
a) identification of risk and risk assessment;
b) preventing or reducing the risk of disasters;
c) mitigating the severity or consequences of disasters;
d) emergency preparedness and early warning;
e) rapid and effective response to disasters; and
f) post-disaster recovery and rehabilitation (Republic of South Africa, 2002).
This study focuses in particular on the prevention and mitigation elements in the continuum and 
distinguishes between social and technical perspectives on vulnerability.
Physical vulnerability is often scenario-specific, as highlighted by Fell (1994) and Uzielli, Nadim, 
Lacasse and Kaynia (2008). Thus, technical risk reduction perspectives regarding human settlements 
on dangerous ground usually pay attention to non-social elements of the risk equation. During such 
studies, assumptions are based on increased external management, design, planning, and 
infrastructural components of settlements. However, the behaviour and influence of individuals 
within communities living on dangerous ground is not included. I hypothesise that risk reduction 
may be improved if the latter engagement is included. Such reduction could be used to augment the 
current regulatory environment that focuses primarily on geotechnical investigation, infrastructure 
and building guidelines based on dolomite hazard levels.
2.2.2 Disaster risk evaluation for low-income settlements
A substantial body of research proposes a variety of methods to conduct disaster risk, hazard and 
vulnerability assessments and evaluation of human settlement resilience. Methods range from 
general natural vulnerability assessment methods such as those presented by Adger (2006) and van 
Westen and Kingma (2008), to specific natural hazard vulnerability assessment such as flood 
assessment methods by Sagala (2006) which can be adapted to other natural hazard types, and 
Uzielli et al. (2008) who propose a specific method for geotechnical landslide assessment. Brody, 
Zahran, Vedlitz and Grover (2008) consider the matter of public perception quantification in physical 
vulnerability considerations -  a deliberation that is of interest in the case of development-on- 
dolomite due to the current uncertainty in awareness by the public regarding the risk that living on
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dolomite holds. Some of these methods are compiled into international and local guidelines such as 
the Pan American Health Organisations' guidelines for vulnerability analysis in terms of water and 
sanitation systems (PAHO, 1998) and the South African National Disaster Management Framework 
(Republic of South Africa, 2005). An increasing number of methods apply the use of Geographic 
Information Systems (GIS) to map, overlay and spatially analyse elements involved in assessments, 
such as the dolomite disaster risk assessment methodology applied by Coetzee et at. (2010) and 
remote sensing application presented by Busgeeth, Brits and Whisken (2008). Others propose risk 
quantification by plotting graphs or designing matrixes or indexes in an attempt to normalise and 
logically explain the elements of risk (Douglas, 2007). Although these methods interrogate the 
formal and informally built environment to provide insight into the physical, social and 
environmental risks associated with natural hazards and its delineation, there is little interrogation 
of the intersection of geotechnical hazards with low-income areas and informal settlements.
To understand risk, hazards and vulnerability in terms of the tools and methods available to assess it, 
the meaning of these terms should be understood: Hazards denote a source of potential harm 
and/or injury or the level of potential harm and/or injury itself (Jha, Barenstein, Phelps, Pittet and 
Sena, 2010). This explanation of what a hazard is often results in the confusion of what causes a 
hazard and what the effect of a hazard is. The cause of a hazard may even be directly related to the 
vulnerability of those affected, and the hazard may as a resultant effect even increase the 
vulnerability. Thus, in order to differentiate risk from a hazard it should be noted that a hazard 
always denotes the possibility or probability of a specific severity, spatial distribution and return 
period or frequency (Erickson, 2006). Vulnerability refers to factors that weaken the ability of people 
or an environment to cope with hazardous events (GCS, n.d.), and is affected by the level of 
sustainability that exists within environments, individual households and communities. In this 
function, dolomitic ground presents a natural hazard affected by geological characteristics and 
human interactions. In order to understand the risk that this hazard poses, it is important to 
understand the vulnerable settlements.
Informal settlements and backyard structures do not conform to regulatory standards and 
certification requirements of planning authorities (Heath, personal communication, 2011). This 
situation creates difficulty when the riskiness of low-income and informal structures is evaluated 
using normalised matrixes or rules in relation to physical disaster hazards, as is the case with, for 
example, standards for development on dolomite (SABS, 2012). Risk evaluation criteria for disaster 
assessment purposes are suited to situations where regulations and standards are applied; however
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the site layout, site investigation (if any), building design and building materials of these settlements 
often do not conform to standard features and makes risk assessment particularly challenging 
(Heath, personal communication, 2011). For example, dwellings made from cardboard, wood or 
chipboard, metal sheeting or shipping containers are excluded from the ambit of the building 
regulations and standards guiding development on dolomite, and unless the owner of a residential 
stand formally applies for permission to build and submit plans for the construction of a backyard 
dwelling or "granny flat", there is little control over such development or upgrading. Even in cases 
where vulnerability assessments consider low-income dwellings, as presented by Kirsten et at. 
(2009), the research does not take into account the vast range of potential settlement types or 
structures that may be encountered outside of the formal building construction domain.
Although municipal requirements attempt management of new urban development or upgrading of 
existing developments on dolomite, for example via the "Site Specific Dolomite Risk Management 
Program" (DRMP) which the City of Tshwane introduced, the programme remains limited to formal 
development applications (CoT, n.d.). With increased calls by communities and officials for of in-situ 
upgrading of informal settlements (Kornienko, 2013; Republic of South Africa, 2014: 65) and 
relentless proliferation of backyard structures even in formal low-income settlements (Martin, 
2014), there is a need to consider a possible settlement hierarchy or settlement type definition for 
low-income human settlements within the context of dolomite disaster risk.
2.2.3 Integration of disaster risk management with housing policy in South Africa
Risk assessment involves evaluating the amount and magnitude of risk to which an environment or 
community is exposed (Morgan, 1995a). Hazard rating, hazard level determination and hazard 
zoning play an important role in the first phase of the disaster management continuum (Strydom, 
2003). When vulnerable receptors intersect with hazards, a risk can be assessed. Disaster risk 
assessment is especially useful in urban development planning projects where the planner or 
decision maker has control over the development area and the planning process right from the start 
- from pre-feasibility or conceptual investigations and site selection, until implementation and even 
operation and regulation of maintenance. Where settlements are established before their hazard 
exposure is investigated and determined, difficulties arise when making decisions regarding 
implementing risk-mitigation measures (which may include relocation) or service delivery upgrades.
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The right to housing is the most adjudicated socio-economic right before the Constitutional Court 
(Dawson and McLaren, 2014). As such, the need to consider "retrogressive measures and decision 
making" (ibid.: 15) as part of "reasonable policy" (ibid.: 16) during a process of "progressive 
realization" (ibid.: 16) while ensuring "meaningful engagement" with communities (ibid.: 16) is 
increasingly emphasised. The key findings and obligations that courts place on the state and its 
agents during the housing debate require significant consideration since it stretch much further than 
building standards and technical regulations. However, the realisation of a right to adequate housing 
(ICESCR, 1976; Republic of South Africa, 1996) does not specify or deliberate the level of disaster risk 
that may be involved or accepted by residents and officials alike, during site selection for 
development or upgrading.
The International Covenant on Economic, Social and Cultural Rights (ICESCR) (1976) to which South 
Africa is signatory, stipulates key criteria for what constitutes adequate housing, but none of the 
criteria mentioned consider disaster risk. Dawson and McLaren (2014:17) also list aspects to assess 
housing typologies in South Africa in terms of adequacy of housing, but again no reference is made 
to disaster risk, exposure to hazard, vulnerability or resilience. Although the National Development 
Plan (NDP) (The Presidency, 2011; Republic of South Africa, 2013a) broadly considers disaster risk, its 
vision does not include consideration of the acceptance of risk. Outcome 8 of the Human 
Settlements Medium Term Strategic Framework (MTSF) for 2014 -  2019 (as referred to in Dawson 
and McLaren, 2014) which aims to operationalise the NDP also does not integrate disaster risk 
acceptance levels in its consideration of adequate housing. Although reference is thus made to 
adequate housing, better living environments, affordable services and spatial targeting, the notion 
of a community taking responsibility for or accepting certain conditions or levels of disaster risk in 
order to gain access to certain socio-economic or related benefits remains unaddressed.
The principles reflected in policies and legislation regarding housing in South Africa include the 
Reconstruction and Development Programme (RDP) (Mandela, 1994; Lodge, 2003), The Housing Act, 
No 107 of 1997 (Republic of South Africa, 1997), the White Paper on Housing (NDH, 1994), The 
People's Housing Process (1998), The revised National Housing Code (DoHS, 2009), the Social 
Housing Policy (2005), the Inclusionary Housing Policy (2007), Breaking New Ground (BNG) (HDA, 
2004) and Integrated Development Plans (IDP) (ETU, n.d.). These approaches strive towards defining, 
refining and achieving acceptable living conditions for the citizens of the country. In particular, the 
RDP is a socio-economic framework based on human rights, and which has as one of its first 
priorities to provide housing for the homeless (Mandela, 1994). The BNG takes the RDP further to
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denote a comprehensive plan for the development of sustainable human settlements in the country 
(Tissington, 2010) and the IDP is related to these as a strategic development plan that guides the 
activities, budget priorities and decisions of a municipality for a period of 5 years at a time, in terms 
of Chapter 5 of the Municipal Structures Act, No 33 of 2000 (WLM, 2010; CoCT, n.d.).
Within this plethora of Acts, guidelines and policies that exist regarding housing development, the 
only clear direction regarding disaster-related safety specifications comes via the environmental 
sector. In this regard, the waste management sector set minimum requirements for hazardous and 
landfill waste, aiming that "the present generation should not leave the future generation with a 
poor safety legacy" or with solutions that impose an unreasonable risk or cost to future generations 
(DWAF, 1998a,b). This view requires the identification of long-term solutions that can be 
implemented at an acceptable level of risk as well as acceptable cost, within the approach of Best 
Practicable Environmental Option (BPEO) and Best Available Technology Not Entailing Excessive Cost 
(BATNEEC) (DWAF, 1998b). These principles are reflected in the disaster management continuum, to 
identify, prevent and minimise disaster risk. Considering this current lack of a vision towards 
implementation of risk reduction-based housing development, the country's housing policy and 
implementation may benefit from an approach where risk reduction and risk acceptance forms an 
integrated part of the policy and planning process.
The legal framework for planning in South Africa is governed first of all by the Constitution of South 
Africa (1996), as mentioned earlier. Thereafter, the Municipal Systems Act No 32 of 2000 (Republic 
of South Africa, 2000) specifies the development and implementation of Integrated Development 
Plans, encompassing Spatial Development Frameworks and making provision for guidelines for land 
use systems in municipalities (DRDLR, n.d.). In addition, approved planning legislation such as the 
Development Facilitation Act (No 67 of 1995) emphasises a planning framework and process based 
on need, interaction and community participation (ibid; CSIR, n.d.(b)). Another set of legislation, 
namely the Less Formal Township Establishment Act No 113 of 1991 provides for shortened 
procedures for township establishment, less formal forms of residential settlement and regulating 
the use of land by tribal communities for communal forms of residential settlement (DRDLR, n.d.). 
These are all national Acts, guiding settlement design and development countrywide. On provincial 
level there are Planning Acts and Ordinances that reflect to a large degree pre-1994 legislation and 
land use management schemes (ibid). In Gauteng there are two particular sets of regulation that 
govern land planning within the national setting: the
• Transvaal Town Planning and Townships Ordinance No 15 of 1986; and
• Gauteng Planning and Development Act 3 of 2003.
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These aforementioned formal urban planning systems are governed by processes that consider local 
spatial settings and interactions, as well as municipal administrative and budgetary processes. The 
spatial frameworks and plans drawn up in this manner for most urban areas are not only open for 
public scrutiny, but there are active engagements with communities at defined times during the 
development of these planning tools. As such, the current trend in planning is based on the 
satisfaction of fundamental human needs (CSIR, n.d.(b)) (often inferred as "rights"). As part of this 
process, there is a move away from "blueprint planning" as well as a shift away from non­
participation and token processes to a more inclusive and interactive planning process (ibid). These 
processes aim to harness the wealth of local knowledge as well as assist in official understanding of 
community needs, requirements, local conditions and relationships (ibid).
In addition to the formal and participatory processes, the nature of South African housing policy is 
such that current or new planning legislation does not exclude existing planning legislation and 
reference to previous legislation such as guide plans, zoning schemes and ordinances (ibid). An 
example of this is where the Spatial Land Use Management Act (SPLUMA) (Republic of South Africa, 
2013b) provides an additional land management tool, focussing on integrated urban development 
framework establishment and aiming among others to improve and standardise land planning.
In addition to these ones mentioned above, there is a plethora of Acts, Bills, White papers and 
guidelines that reflect on sectors within land management and settlement design and development, 
including for example water resources and environmental management. As such, the Disaster 
Management Act No 57 of 2002 (Republic of South Africa, 2002) and the Disaster Management 
Framework of 2005 (Republic of South Africa, 2005) fulfils a function to place responsibility on South 
African Government, organisations and industries to cater for, among others the provision of 
integrated and co-ordinated disaster management policies that focus on preventing or reducing the 
risk of disasters and mitigating the severity of disasters. The regulations focus on development of 
local municipal, district and provincial disaster management plans that are founded on the often 
unique spatial elements of the area which it is designed for. Risk assessment is thus intended to play 
an important role in the development planning, DRR and disaster mitigation process. Informed 
decisions are therefore also required early in the development planning process to ensure that DRR 
measures are financially viable, effective and appropriate.
However, as alluded to earlier, there is an uncertain and unstated linkage between housing policy 
and the right to adequate housing versus DRR. The question arises as to whether a crossing of the
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divide between human rights and acceptance of risk in the development-on-dolomite debate could 
moderate the current conflict.
Ultimately, few geographical locations on earth are entirely without any risk, and therefore it is the 
level of acceptable risk and thus also acceptance of a certain level of responsibility for that risk that 
remains uncontended and undebated when development or upgrading of low-income settlements 
are considered. It is important that the intersection between housing policy and regional planning, 
technical and engineering standards and guidelines, and disaster risk management including 
acceptance of the risk and responsibility for risk management is considered.
2.3 On risky ground: unpacking the debate
2.3.1 Geology in relation to human habitation
Physical disaster risk from the perspective of the environmental landscape considers hazards to be 
forces of nature (Blaikie, Cannon, Davis and Wisner, 1994, Smith, 2004). These hazards existed for 
millions of years and were the drivers that shaped the Earth (Dekens, 2007). Geological processes in 
particular continue unabated regardless of human existence or interaction (Galavovic and Smith, 
2014). Where the changes are prominent in terms of frequency and severity, the disaster risk is 
higher (Strydom, 2003). Thus, humans should consider their vulnerability to so-called "natural" 
disasters in relation to their right of choice to inhabit locations where the environmental landscape 
is invariably changing -  whether though landslides, earthquakes or sinkholes as examples. 
Ultimately, the ability of societies to mitigate the impacts that Earth processes have on them 
depends on their capability to adapt their living environment, technology and infrastructure to 
withstand or change along with nature. In addition, their behaviour and relationship with natural 
hazards define their level of exposure and govern their resilience, and ultimately their safety.
In an effort to improve understanding of human habitation in relation to ground-based disaster risk, 
geologists and geotechnical engineers investigate the interaction of long-term geomorphological 
processes with relatively short-term human intervention. Urbanisation patterns and infrastructure 
development forms part of the process (Gogu and Dassargues, 2000; Kaufmann and Quinif, 2002; 
Zhou, Beck and Adams, 2003) while rules and guidelines are implemented in an attempt to manage 
the disaster risks incurred. Research in the ground-based risk domain remains largely explanatory 
(Buttrick and van Schalkwyk, 1998; Trollip, 2006; Galve et a i, 2008; Oosthuizen, 2013) while the 
influence of developmental behaviour on the resultant level of risk remain limited (Brody et al.,
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2008). The result is a body of research regarding potential and probable disaster occurrences and 
causes based on reflections vis-a-vis understanding of urbanisation and geological processes, 
without integrating the understanding or perception and risk-related behaviour of communities who 
inhabit dangerous areas. Rapidly changing urbanisation patterns and the relatively uncertain 
influence of climate change further restricts pro-active engagement with the research content, and 
urban development policy thus remains largely devoid of association with human behaviour (ibid.).
As stated in Chapter one (Sub-section 1.2.1), the Gauteng dolomite represents one of the oldest 
karst environments on Earth (Health, personal communication, 2011a). Influences from early-world 
meteorite strikes formed craters such as the Vredefort dome and Tshwane impact crater, and tilted 
the geological strata in the study area. Apart from revealing the gold bearing seams that lead to 
settlement in Gauteng, geological layers of varying erosion sensitivity were exposed. When 
considering human settlement patterns in the study region, from as far back as the Stone Age (JCP, 
2008) the speed and impact of geological change is insignificant. Instead, it is the large-scale 
settlement of communities on this land in recent history that caused increased exposure to disaster 
risk. With relentless urbanisation, the amplification of interference with geologic strata intensifies. 
Where dolomite is present, the intensification of water ingress associated with urban development 
dissolves the soil at faster rates than natural processes would do (Kleynhans, personal 
communication, 2012) and exposes residents to disaster risk which would otherwise not be as 
concerning if dwelling densities were lower (ibid.). The exposure of communities to "natural" 
dolomite hazard risk is therefore exaggerated, while the regulatory framework remains constrained 
to hard or 'grey' infrastructure interventions, standards and guidelines in an attempt to reduce the 
disaster risk.
2.3.2 Development approaches
Technical evaluation of dolomitic ground and the resultant application of development guidelines, 
standards and risk management programmes dominate the development-on-dolomite debate in 
South Africa (GCRO, 2011d). Associated and often costly engineering solutions may reduce the risk 
of subsidence or sinkholes where developmental necessities exist (ibid.), and where funding is 
available, significant intervention towards settlement development and upgrading is possible 
(Health, 2011). However, practical development implementation is constrained by financial resource 
availability. In addition, face-to-face stakeholder interventions require additional time and 
resources.
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While Environmental Impact Assessments (EIA), Public Participation Processes (PPP) and similar 
engaging practices are geared towards ensuring integration of knowledge between disciplines during 
development (Webler, Kastenholz, and Renn, 1996; Hartley and Wood, 2006; O'Faircheallaigh,
2010), the consideration of behavioural intervention requires additional effort during the 
development process (Pelling and Wisner, 2009; Fischhoff, 2013). Identification of the drivers and 
enablers of behavioural change that guide community adaptation to risky living environments is 
needed (IFRC, 2011). Bradley, McFarland and Clarke (2014) investigated cases of disaster risk 
communication intervention and analysed the reported effectiveness. Of the cases considered, all of 
the studies falling into the mitigation and preparedness category reported that the interventions 
were effective at the least to some extent. On the other hand, in the cases where response- and 
recovery interventions were applied, not only did the studies report little behavioural change, but 
some reported no change at all and one even showed a negative post-intervention behavioural 
change. Their research highlights the need to intervene in disaster risk awareness programmes 
before development and upgrading takes place, in order to change community behaviour and 
increase effectiveness.
Behaviour-supported development solutions remain elusive as communities and authorities 
continue to wrestle with resource constraints that tie them into demand-driven infrastructural- 
focussed procedures that follow proven technical pathways (CNT, 2010). In addition to the 
difficulties that communities face in understanding the technical complexities of building on 
dangerous ground, in-depth behavioural or societal mediations are time-consuming, costly and 
complex to undertake (Lupala, 2002; Involve, 2005). The reality of development-on-dolomite thus 
continues to revolve around technical interventions and so-called hard- or grey infrastructure 
solutions (GCRO, 2011c). Hard and grey infrastructure such as piping, steel reinforcement and 
foundation design and construction remains firmly in the structural, geotechnical and civil 
engineering domain and thus invariable exclude behavioural interventions towards DRR. 
Development standards are well suited to implement in formally structured settlements (Mdakane 
and van den Bergh, 2012). However, when settlement types do not conform to a recognised or 
formally planned shape and form and do not follow the formal development application processes 
applicable, the relevance of infrastructure-based DRR measures become contested.
Internationally, city planners grapple with the need to design spaces that serve not only specific 
purpose, but allow enhanced performance and networking, or double-up to serve a variety of urban 
system functions (Siostrom and Sternudd, 2011; Wang and Gao, 2012). The complexities of urban
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component interaction in land use planning and development intensifies in areas characterised by 
high levels of social inequality and spatial disparity (Hui, 2011). This makes the ideal of improved 
urban networking and enhanced performance of the city scheme difficult to achieve.
In developing countries, populated cities face continued growth in both spatial extent and 
concentration (Jenks and Burgess, 2000). These heterogeneous and complex urban systems are 
often characterised by vast social inequalities across the cityscape (ibid.). In an effort to address 
socio-spatial inequalities and settlement networking solutions that connect these fast-sprawling and 
densifying cities, planners grapple with policy constraints and environmental pressures (Harrison, 
Todes and Watson, 2008).
The socio-political, economic, cultural and physical nature of the city, as well as historical 
development patterns focus development corridors and location of land use clusters into particular 
forms, based on what is formerly directed and physically possible (Halpern, 1995; Fainstein, 1999). 
The need to balance connectivity, functionality and safety often proves difficult in light of the needs 
and demands of a growing urban population. In addition, when informal, unplanned and 
unregulated settlement development occur, planners and engineers alike struggle to ensure 
continuity towards implementing well-intended plans and official standards (GCRO, 2011c).
2.3.3 Participation during decision making
As mentioned before, formal construction on dolomitic ground requires implementation of stringent 
measures in terms of site investigation, building standards and maintenance (CGS, n.d.(a); CoT, n.d.; 
SABS, 2012) designed to reduce disaster risk. As a result, the process is costly and introduces options 
of avoidance of development on dolomite as opposed to incurring costs that would not be applicable 
when developing on non-dolomitic ground (Huchzermeyer, 2011a). In this configuration, the 
argument supports low-risk low-resource decision making. The same argument also supports 
decisions opting for relocation of, for example, informal settlements, rather than in-situ upgrading or 
provision of wet services (ibid.). This manner in which the decision making is approached causes 
social conflict, especially where other development is subsequently approved in the same location or 
close to where informal settlements previously existed (Hathorn, personal communication, 2012).
In addition to social conflict, financial affordability, technical intricacies and an inability to 
manoeuvre large drilling equipment in and around existing densely spaced dwelling units add to the 
complexity of issues surrounding settlement upgrading on dolomite (Kleynhans, personal
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communication, 2012). Low-income communities are usually unaware of these technical 
requirements which approved dwellings are subjected to on dolomite (GCRO, 2012a). The situation 
is often exacerbated by lack of engagement via participative processes (GCRO, 2013) and suspicion 
regarding the reasons given for decisions made (GCRO, 2012a). This is not to say that dolomite has 
not been used in the past as a pretext when informal settlements required relocation, nor should 
the validity of community suspicion be questioned. The Bapsfontein relocation referred to in 
Chapter one (Pheko v EMM, 2011a, b), provides an example where community suspicion is 
compelling, since as mentioned, the children are being transported in busses over 30km to the 
Primary School that remains in the area from which the community have been evicted.
Regardless of the appropriateness of the action, the question arises as to whether information 
regarding, for example, the reason for school premises or building foundations being considered 
safe in terms of dolomite disaster risk have been shared effectively with or understood by 
community members. The result of the lack of sharing of information in an effective manner 
highlights a disjuncture where low-income communities are unable to interface constructively with 
technical reasoning or even Court decisions and vice versa. When a community is intellectually 
isolated in this manner it fuels their concerns that dolomitic hazard levels suffice as an excuse to 
remove them from a geographical location due to their presence being undesirable by surrounding 
suburbs. (Huchzermeyer, 2011a; GCRO, 2012a). This perception raises the need for significantly 
increased participatory processes and a focus on awareness of dolomitic disaster risk.
Even though development strategies require sharing of information and public participation (Webler 
et al., 1996; Hartley and Wood, 2006; O'Faircheallaigh, 2010), low-income communities often are 
excluded from the actual decision making methodology (GCRO, 2013). As such, they do not engage 
significantly in behavioural risk-reduction strategies, nor is their potential willingness to live with a 
certain level of disaster risk taken into account. Since there is no imposition in the development-on- 
dolomite regulatory framework that forces public participation processes to consider DRR measures 
and options for risk acceptance (Kent, 2005), the participative strategies remain superficial. Although 
information sharing with communities is included in development procedures, the lack of 
engagement focussing on DRR in particular infringes on elements of the Hyogo Framework for 
Action 2005 -  2015: Building the Resilience of Nations and Communities to Disasters (HFA) to which 
South Africa is signatory (UNISDR, 2005). In particular, Priorities 2, 3 and 5 of the HFA are applicable, 
namely:
64
• Priority 2 that focuses on identification, access and monitoring of disaster risks and 
enhancement of early warning systems;
• Priority 3 which revolves around the use of knowledge, innovation and education to "build a 
culture of safety and resilience at all levels" and places "a legal obligation on the State" to 
provide access to information to populations at risk (ibid.). This includes the raising of 
awareness and empowerment of communities to "build (their own) resilience to disasters" 
through in-depth understanding, as opposed to mere information distribution; and
• Priority 5, requiring the strengthening of "disaster preparedness for effective response at all 
levels" (ibid.). This inclusion raises the importance of accountability mechanisms that take 
cognisance of a need for public responsibility at an individual and community level.
On 18 March 2015, the Sendai Framework for Disaster Risk Reduction: 2015 -  2030 was adopted at 
the Third UN World Conference held in Sendai, Japan. South Africa is also signatory to this successor 
instrument to the HFA and therefore the following priorities all have a bearing on the South African 
approach towards DRR:
• Priority 1: Understanding disaster risk;
• Priority 2: Strengthening disaster risk governance to manage disaster risk;
• Priority 3: Investing in disaster risk reduction for resilience; and
• Priority 4: Enhancing disaster preparedness for effective response and to "Build Back Better" 
in recovery, rehabilitation and reconstruction.
The Frameworks set the baseline for considerations regarding disaster risk management and are 
therefore expected to find its way increasingly into regulations and guideline documents at 
Provincial and Municipal level. In addition, human rights law requires Governments to present how 
DRR fits into the overall development strategy of a country (WaterLex, 2011). The notion denotes a 
measure of choice between levels of risk faced versus location to live on. Of course, associated 
responsibility and acceptance of certain levels of living with the risk is required. With the emergence 
of mixed-housing developments (Osman and Flerthogs, 2010), the right of choice raises challenges 
for integration and management of acceptance of levels for disaster risk between different income 
groups who are bound to share the same cityscape.
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2.3.4 The influences of practicalities and perception in decision making
"The Gauteng government could, in a desperate move, 
build houses on land deemed unsuitable for construction of homes."
(Nhlabathi and Xaba, 2015: 4)
Worldwide, low-income communities have difficulty accessing resources and support for 
development, upgrading and service delivery (Govender, Barnes and Pieper, 2011). In addition, 
information regarding hazards that may affect their livelihood, health and safety is slow to reach 
them via official channels (Bradley et ah, 2014; Kheva, personal communication, 2014). Where 
information does reach them, the specific content of hazards may in some instances be poorly 
understood (ibid.). Occasions where dolomite risk was explained during intervention via a legal and 
geotechnical awareness platform, resulting in individual behavioural change is uncommon (Bradley 
et al., 2014). The disjuncture between settlement type, community behaviour, geotechnical 
engineering, urban planning and judicial language creates a barrier to community engagement in 
disaster risk management and risk reduction. Increased community awareness, individual knowledge 
and household acceptance of disaster risk are therefore desired. Creating such understanding and 
inducing behavioural changes is, however, a challenging task (Heath, personal communication,
2011).
In the case of low-income settlement development or upgrading on dolomite, the task is especially 
daunting due to the highly technical nature of the information involved (Coetzee, van Niekerk and 
Annandale, 2010). The other aspect to consider is that of vulnerability, poverty and the real absence 
of alternatives. It is near impossible to set up a new informal settlement in a bottom-up fashion 
away from risky dolomitic land (Huchzermeyer, personal communication, 2015). Thus, it is 
recognised that knowledge sharing and awareness of risk will not solve the dilemma on its own.
While greenfield settlement development on dolomite carefully considers housing development 
policy, spatial development plans and regulatory standards for development on dolomite, the 
upgrading of existing settlements is unable to undergo the same processes. Greenfield 
developments on dolomite benefit from settlement design, construction and urban planning 
strategies that take into account frontward knowledge regarding hazard levels (Heath, personal 
communication, 2011). When low-income or informal settlements require post-establishment 
upgrading and wet services, reactive engineering interventions challenge DRR options. As mentioned
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earlier, it is often impossible to manoeuvre drilling machines in-between established dwellings, 
leading to limited application of exploratory ground assessments. Thus, inadequate raw data is 
available to estimate the dolomite hazard level (ibid.) and additional restraint is applied to allow for 
the unknown hazard potential and severity.
Even when geotechnical investigations determine substrata characteristics, limited policy directions 
exist to help deal with the variety of low-income settlement types encountered. The level of 
informality of dwelling construction that is prevalent in low-income settlements (Brite, n.d.; Lupala, 
2002; Busgeeth et al., 2008) presents challenges since there is little common form applicable to 
address the vast differences encountered between and even within settlements.
Regular investigation and monitoring programmes are key to reducing disaster risk and promoting 
safety margins on dolomite (Kleynhans, personal communication, 2012). However, there are no 
requirements for backyard- and informal dwellings built on potentially dangerous ground (SABS
2012) since it is not subject to formal approval processes. Even though the Upgrading of Informal 
Settlements Programme and approach to development of sustainable human settlements by means 
of South Africa's National Housing Code (DoHS, 2009) include consideration of land rehabilitation for 
purposes of allowing formalisation of previously informal settlements, the measures excludes 
dolomitic ground (ibid.). Thus, incremental upgrading programmes designed for informal settlement 
improvement remains largely out of reach for the majority of informal and backyard dwellings 
already built on dolomitic land. The situation results on lengthy case-by-case decision making for 
those settlements already established on dolomite (Ndaba, 2011; Stoch, personal communication, 
2012). As shown in Chapter one, development and upgrading considerations shy away from 
engaging with such compromised locations or tend to propose removal of residents from such 
locations altogether.
In an effort to enable impoverished and vulnerable communities living in potentially dangerous 
locations with improved quality of life, legal representatives and humanitarian activists focus their 
efforts on achievement of constitutional basic human rights (Hathorn, personal communication, 
2012). This focus results in some instances in commitment to investigate the feasibility of in-situ 
upgrades even on potentially dangerous land. For example, CoJ has undertaken to consider the 
possibility for upgrading in Thembelihle (Planact, 2015). Although constitutionally founded, the 
intentions attract resistance (Hathorn, personal communication, 2012). Prioritisation of 
administrative resource allocation and a need to balance capital budget expenditure with
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operational and maintenance costs when deciding on service delivery priorities prevail (CoT, 2013b). 
When intervention is successful, community expectations regarding service delivery is raised not 
only in the affected community but with similar communities elsewhere in Gauteng (Nokotyana v 
EMM, 2009; GCRO, 2012a), thereby placing additional pressure on authorities.
Ultimately, conflict arises between the right to basic services and the right to a safe living 
environment, due to the services potentially reducing physical community safety. Where 
development and upgrading of housing and wet services on dolomite is considered, debate 
continues (GCRO, 2011c). Due to the reality of conceivable increase in disaster risk as explained 
earlier, large tracts of land may be deemed unsuitable for development and upgrading based on 
technical constraints, and planning and decision making regarding such development and upgrade 
takes years (Kleynhans, personal communication, 2012). A recent decision by the Gauteng human 
settlements MEC to provide housing upgrades and basic services to Thembelihle (Figure 1.2.3a) 
(Nhlabathi and Xaba, 2015) is intrepid. The plan is similar to that proposed for Vosloorus Extension 
28 (EMM, 2012), where multi-storey units with open spaces in areas with high hazard levels are 
considered.
Although this presents a case for community engagement and paves the way for future similar 
upgrades elsewhere, the planning and decision making process remain a lengthy (and costly) one 
and the acceptance of dolomite disaster risk by the municipality and community alike remains a 
concern. Attention should also be paid to changes in community make-up, and ongoing awareness 
interventions since new community members in a few years' time may now know the dangers of the 
land they live on when entering the settlement. The implementation of housing and service delivery 
alone therefore does not eliminate the potential for increased risk where unremitting wet services 
monitoring and maintenance is needed. Behavioural considerations of communities living on such 
dangerous land (Kent, 2005) may thus unknowingly expose them to increased health and safety risk.
Brody et at. (2008) present a compelling argument for the inclusion of public perception in the 
consideration of physical vulnerability. According to their research, the role of personal proximity to 
a hazard is key to shaping risk perception in a community. Thus, closeness and personal experience 
with a hazard increase one's perceived level of future danger. When sinkholes and subsidence are 
not present in an area the public perception of exposure is therefore expected to be low. Their 
research (ibid.) expands on the need for academia and officials alike to understand the role of 
human perception and behaviour in relation to natural hazards and the associated risks, as opposed
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to technical solutions only, to address risk reduction. The foundation of dolomite risk perception lies 
in the uncertainty of predicting hazard occurrences on such ground. This underpins nervousness 
around potentially placing communities in harm's way and having to take responsibility for decisions 
regarding their safety.
2.4 Considering affordability and sustainability
2.4.1 The price of land and services
"When space is profit, the question of how to use land... becomes ... 
a matter of social struggle, which is partly regulated through urban planning"
Ernstson (2012: 3)
Ernston's statement effectively highlights the juxtaposition between the increased need for space 
for development and the socio-economic needs of society. Current urban planning processes 
attempt to relieve social requirements through the allocation of land for residential development as 
one component of the space-profit interaction. Although attempts are made to alleviate the 
disparity, land allocation remains to a large extent based on the space-profit interaction (ibid.). The 
provision of subsidised housing, usually on municipal or state -owned land, often prevails long 
distances away from city centres, amenities and employment opportunities. In order to gain access 
to such opportunities some residents locate closer to urban hubs but forego access to formal 
housing and instead settle in informal settlements.
In the case of informal communities the space-profit juxtaposition reaches a climax where 
communities confront municipalities and politicians to gain access to housing and basic services such 
as water and sanitation. Where relocation of settlements are on the cards, communities do not 
hesitate to even call on the Courts to consider their plight. Considering the significant effort that is 
expended during these processes, many times without coming to closure (Hathorn, personal 
communication, 2012), a finer balance should be struck between provision of housing and services 
to low-income residents and what is spatially and economically feasible. In terms of the difficulties 
faced when attempting to satisfy all role players involved, a challenge occur when land is potentially 
risky or unsafe for human habitation (WHO, n.d.(b)). The encounter places an administrative and 
financial burden on politicians, municipalities, developers and communities alike.
69
2.4.2 The link between risk, sustainable development and vulnerability
For human settlements to be sustainable, the prioritisation of the factors that determine 
sustainability should be deliberated. One of the elements of sustainability that needs to be gauged is 
vulnerability (Adger and Winkels, 2007; Agyeman, 2007). Vulnerability is a parameter in determining 
disaster of risk (as noted earlier: R = HxV/MxC) as well as ascertaining sustainability. The vulnerability 
of human settlements is determined by interdisciplinary factors including but not limited to, 
environmental, economical, structural and social components (Slaymaker, 1999). When considering 
maintainable development through its linkage with ecological degradation and poverty (Reid, 1995), 
it becomes increasingly important to consider the specific characteristics of vulnerable settlements 
since low-cost housing sectors in developing countries often face pronounced exposure to natural 
hazards, in turn bringing about additional environmental deterioration. The approach towards 
addressing the duality of vulnerability (being a determinant of both risk and sustainability) requires 
housing development and service delivery to particularly consider the lock-in effect that short term 
decisions have on long term urban transitions toward sustainable urban development (Ernstson,
2012).
Arguments supporting settlement upgrading or granting of long-term tenure rights along with basic 
service provision in locations that are informally or illegally settled (Huchzermeyer, 2008; Selebalo, 
2014) deliberate that confirmation of tenure is more desirable than relocation. This is due to 
increased community stability and household security since they are able to consolidate and invest 
in formal structures. The process has additional positive employment, educational, health and 
developmental spin-offs, allowing long-term decision making, leading to increased quality of life 
(UN-Habitat, 2003). However, people's living behaviour, which influences their future exposure to 
disaster risk when living on dangerous ground, needs to be included in the decision making process 
when considering upgrading or relocation (Stoch, personal communication, 2014). In situations 
where rehabilitation or upgrading of settlements is indeed possible, such considerations become 
critical in the debate around promoting societal stability and increased sustainability.
Although not only the poor are vulnerable to disaster risk (Yodmani, 2001) their housing conditions 
and level of income may expose them to higher levels of risk than would otherwise be the case. In 
addition to their socio-economic disposition, their location on often marginalised and 
inappropriately located land (WHO, n.d.(b)) begs the question whether the provision of services to 
such areas should be done by means ot in-situ upgrading of the existing settlement or rather 
removing them from the location altogether. Ideally, such decision should consider the goal of
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promoting sustainable human settlements. However, in practice, sustainable settlement objectives 
cannot be fully achieved and the decision making process remain biased due to political principles 
taking precedence (Huchzermeyer, 2011a). The options of settlement upgrading versus relocation 
are riddled with constraints and contradictions when considering the aforementioned issues, which 
make decisions in this arena contentious.
2.4.3 Upgrading towards sustainable urban living
In South Africa, Government's informal settlement upgrading programme provides for phased, area- 
based development with community participation and project management forming an integral part. 
"Eradicating or upgrading all informal settlements by 2014/15 is the prime target" (DoHS, 2011).
With this target in mind, communities actively participate in calling for the provision of basic services 
such as waste removal, electricity, water and sanitation services (Nokotyana v EMM, 2009; Mnisi v 
COJ, 2014). Within this framework, the National Upgrading Support Programme (NUSP) attempts to 
establish a common understanding of the meaning of in-situ upgrading with regard to the delivery of 
these services and promotes in-situ upgrading as opposed to relocation when settlements are in dire 
need of improved living conditions. Other options such as rollover upgrading and relocation should 
be, in terms of NUSP, a last resort if the former option is not technically possible. Supporting th 
approach approach of the DoHS, the Housing Development Agency (HDA) has also refined their 
consideration of settlement upgrading to consider the need for maintaining community cohesion 
during development and upgrading processes (HDA, 2015). During this transformation, the 
consideration of sustainability and the implementation of green infrastructure in particular has not 
yet received as much attention as it does in formal urban development deliberations.
The intersection between temporality and spatiality is based on the assumption that in the 
exploration of sustainable urban transitions, a move is made from less to more sustainable built 
environment form and function (Revi, 2011). In this transitional process the potentially most 
vulnerable communities include poor populations and communities living in marginalised areas 
(ibid.). However, they are also to a large extent excluded from the transition (Kent, 2005). This places 
a double burden on them where they remain in a dangerous situation while not keeping up with the 
urban sustainability drive. Madden (2010) argues for an approach to integrate grey infrastructure 
solutions (for example, that made out of concrete and steel) with ecologically sensitive options and 
green infrastructure to overcome the financial resource challenge which faces urban 
administrations. These natural and semi-natural systems require less maintenance and future capital
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outlay and play an increasingly important role in providing sustainable urban development solutions 
(ASCE, 2010; TNC, 2013).
Examples of green infrastructure include grassed embankments and vegetated channels to capture 
stormwater, thereby dispersing infiltration, while at the same time reducing flood risk and serving to 
filter certain contaminants from polluted water (Madden, 2010). These solutions may not be ideal 
on dolomitic ground since the infiltration of the water could in fact elevate the dolomite hazard 
level. Thus, even though green infrastructure solutions may not be applicable to all upgrading 
programmes, the ecologically sensitive approach provides insight into the need to consider 
alternative options of interacting with an inherently dangerous natural environment. In addition, the 
inclusion of human behaviour considerations in DRR involves a combination of grey and green 
infrastructure solutions, and works towards a resilient urban system approach that enhances long­
term settlement sustainability (Allen, 2012).
Considering the large proportion of low-income communities in and around Gauteng, some which 
live on dolomitic land (GCRO, 2011a), a blanket approach towards infrastructure transitions aimed at 
supporting sustainable urban living may not be appropriate. Where development options influences 
stability on dolomite, in-situ upgrading, for example, should consider interventions that do not 
increase the risk of dolomite subsidence and sinkholes in future. Since infrastructure choices lock the 
city and its administration into a long-term development trajectory that internalise maintenance 
costs or reparations to the inhabitants of settlements, there is a need to ensure appropriate 
intervention and future vision consideration regarding which infrastructure to implement. In order 
to evaluate the cumulative and often hidden costs that only become apparent in future time, the 
probability of the physical vulnerability of settlements therefore needs consideration.
2.4.4 Risk insurance
Homeowners are responsible to insure their own properties, or in the case of sectional title, 
collaboratively (Cooke Fuller Garrun (CFG), 2014) via underwriting or self-insurance (meaning they 
save money in a separate account or investment for use in case it is needed). When a property is 
enrolled at the NHBRC and newly built, NHBRC Warranty Cover is applicable and provides structural 
guarantees applicable to residential dwellings built and registered by developers, contractors or 
prospective home owners (NHBRC, n.d.(a)). The warranty covers minor defects identified within the 
first three months of occupation, roof leaks within one year from date of occupation, and major
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structural defects identified within the first five years after occupation (NHBRC, n.d.(b)). The cover 
extends to building materials and the structural integrity of the home in particular (ibid.) and not 
dolomite subsidence risk. Where dwellings such as backyard dwelling units, "granny flats" or even 
entire houses are built without the NHBRC's approval or involvement the structure is not covered 
and the owner is not allowed to sell the property within a period of five years after completion.
For low-income government subsidised housing, the NHBRC, through the Housing Consumers 
Protection Measures Act No 95 of 1998 (Republic of South Africa, 1998), provides warranty for "the 
super structure, floor slabs and roof up to a maximum amount of R500 000" (in 2014), for five years 
from date of initial occupation (NHBRC, n.d.(a)). With the floor slabs listed in particular, it is 
expected that if dolomite subsidence occur, the warranty will hold. Thus, the financial implication of 
disaster risk such as widespread subsidence or sinkholes in a subsidised housing settlement may 
pose a threat to the financial viability of institutions such as the NHBRC. Where low-income 
settlements are developed through government intervention (such as the so-called RDP or BNG 
projects, the recipients of such properties are accountable for maintenance, damages or costs 
incurred once the property has been transferred into an individual's name. With the large backlog 
and delay for transfer in terms of government-funded developments, many residents in these 
dwellings do not own it and remain merely beneficiaries (Huchzermeyer, personal communication, 
2015). Thus, in all cases -  whether privately bonded, bank-guaranteed, or via government subsidies, 
where citizens live on dolomite they (knowingly or unknowingly) accept the disaster risk for their 
personal and property health and safety, even if accountability may be lagging in terms of official 
transfer processes.
In the cases elaborated on above, there is no requirement for regular monitoring or maintenance in 
general once property deeds have been transferred. Apart from the resultant lack of maintenance of 
wet services in wealthy and poor communities alike (Heath, personal communication, 2011), a 
challenge permeating the matter is that most homeowner insurance usually excludes or significantly 
reduces underwriting for "acts of God" (CFG, 2014). These challenges exacerbate the dolomite 
hazard level in areas underlain by dolomite. In addition, the formation of dolines and sinkholes is 
sparsely covered, if underwritten at all, for both private and government owned and -maintained 
residences (ibid.).
Owners of properties in formal suburbs exposed to natural disaster risk may have the financial ability 
to adhere to development and maintenance requirements that may support underwriting of
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damage, and if disaster strikes, they may be able to recover financially from the impact (Sartain, 
Mian, O'Riordan and Storry, 2011). Their socio-economic standing enables them to potentially 
manage, monitor and reduce risk to their properties and recover if disaster occurs (Heath, personal 
communication, 2011). However, a dual burden faces low-income communities on dolomite where 
they are troubled by lack of funding to ensure wet services maintenance as well as an inability to 
insure against or recover from damage caused by subsidence.
While only 38 fatalities caused by sinkholes and subsidence occurred in South Africa over a period of 
50 years (mainly in and around Gauteng) (CGS, n.d. (a)), the figures do not reflect the substantive 
financial damages caused over the same period in the region. Even conservative estimates of the 
efforts that have gone into sinkhole and subsidence reparation are vastly under-counted since many 
small depressions are filled in without being recorded (Kleynhans, personal communication, 2012). 
Future infrastructure losses and associated financial and insurance costs are therefore a concern 
when considering the potential for increased risk through additional densification of settlements and 
human interaction with the dolomitic ground.
Informal settlement residents do not engage in formal insurance activities that protect them in case 
of damage or loss (Stoch, personal communication, 2012). Government-based insurance and 
commercial insurance industries cater to a limited extent for the formal low-income settlement 
market, while commercial insurance particularly targets the medium- and high-income market (CFG, 
2014). The low-income sector therefore has limited options in regards to alleviation of damages in 
the event of natural hazards resulting in disaster. Their main measure of protection against disaster 
is thus prevention, which is in turn, related to their understanding or perception of their hazard 
exposure.
Dolomite hazards are a problematic concept for many low-income residents to engage with, not only 
because of the technicalities involved in hazard level determination, but because it is an unseen and 
unknown hazard (Stoch, personal communication, 2012; Davis, personal communication, 2013).
Even in areas with a high probability for large sinkholes to form, there may not have been any 
sinkholes in decades since original occupation. The non-existence of sinkholes can also be attributed 
to no or very limited waterborne reticulation being present in the area. The possibility of a sinkhole 
developing is therefore not only often misunderstood or not even considered, but also understood 
as a foreign force, sometimes-attributed to unnatural origins (Mmemezi, 2011). Insuring against 
dolomite risk in a formal financial system therefore becomes challenging.
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In the past two decades, CGS has recorded at least 2600 sinkholes in Gauteng (Health, 2011b). With 
many of these, occurring in or near informal settlements (ibid.) the non-availability of insurance for 
informal settlements will likely remain as is in the near future. In addition, government subsidies for 
informal settlement upgrading and improvement also do not cover sinkhole and subsidence 
formation. The provision of budget for basic water and sanitation services is in many cases barely 
able to cover the infrastructure required for upgrading on dolomite since it is much costly than 
provision of wet services on non-dolomitic ground, let alone insurance against the possible 
occurrence of dolines and sinkholes (ibid.).
2.5 Dolomite as potentially dangerous ground
"What the ... sinkhole discussion sometimes fails to include is 
the increase in sinkholes due to increased development..."
(Florida Geological Survey (USA), n.d.)
2.5.1 International context
Risks related to geological hazards and structure vulnerability are well-researched worldwide, for 
example earthquakes (McGuire, 2004; Glaister and Pinho, 2003; Roca, Goula, Susagna, Chavez, 
Gonzalez and Reinoso, 2006), landslides (IUGS, 1997; Fell, 1994; Uzielli etal., 2008) and snow 
avalanches. Subsidence and sinkhole hazards are also subject of significant investigation. Sinkholes 
in Pennsylvania and California (USA) are caused by under-mining and dewatering of aquifers, 
subsidence in Quebec (Canada) is caused by unstable clay soils, sinkholes in Guatemala City 
(Guatemala) are linked to the interaction of volcanic ash soils with flooding, and subsidence occur in 
Texas (USA) from underground salt dissolution (IAP, 2011).
Areas that have karst landscape characteristics (that is, formed in areas of carbonate rock, i.e. 
limestone or dolomite) include, for example China (Jiang, Lei and Dai, 2005), especially south China 
(Lei, Jiang and Liyu, 2001), the Barren (one of the largest karst landscapes in Europe) in County 
Clare (Ireland), parts of Estonia (Northern Europe), areas near Budapest (Hungary), the Ebro Valley 
(Spain) (Galve et at., 2008), Apulta (Italy), Southern Belgium and the Tournaisis area (Gogu and 
Dassargues, 2000; Kaufmann and Quinif, 2002), areas throughout France, and in other USA States 
including Albany, Georgia (Hyatt, Wilson, Givens and Jacobs, 2001), Kentucky (specifically 
Mammoth Cave National Park), Maryland, Missouri and Virginia (Orndorff, Weary and Lagueux,
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2000). South Africa also has its fair amount of dolomitic areas (Nel and Haarhoff, 2011). More 
recently, Lollino, Manconi, Culchaw, Bobrowsky and Luino (2015) provided a comprehensive 
overview of geo-hazards in their almost 800-page book entitled "Urban Geology, Sustainable 
Planning and Landscape Exploitation", covering the full range of hazards that can have an impact on 
urban developments.
Internationally, dolomite research spans over forty years of investigation and methodological 
considerations. An intensification of dolomite risk research over the last two decades has taken 
place, as deduced from the writings of Palmquist (1977), Schweitzer and Simpson (1986), Whitman 
and Gubbels (1999), Whitman, Gubbels and Powell (1999), Gogu and Dassargues (2000), Tolmachev 
(2005), and Galve, Gutierrez, Remondo, Bonachea, Lucha and Cendrero (2009). Although there are 
commonalities in the dolomite risk considerations by these authors, the specificities and age of the 
dolomite in the Gauteng Province and surrounding area set it aside from what is happening 
worldwide, where dolomite is not as aged. In addition, informal and low-income settlements do not 
proliferate in most of the dolomitic areas mentioned above.
In terms of understanding dolomite in relation to human settlements, published research regarding 
human interaction with dolomitic ground emerged in the 1970s and 1980s with a primary focus on 
understanding the geology itself (by for example, Brown, 1985; Schweitzer and Simpson, 1986; 
Wagener and Day, 1986; Brown and de Beer, 1989). This early research culminated in a vast body of 
geotechnical investigations in the 1990s. More recently the focus of dolomite studies included the 
consideration of ecological services provision (Environomics, 2012) including the protection of 
groundwater resources through proclaiming conservation areas and implementing low impact or 
special agricultural programmes on dolomitic ground (Richardson and Brown, 2005). An example of 
such integrated development occurs in the City of Budaors (in Pest county, Budapest metropolitan 
area in Hungary), calling itself Innovacity (the innovative city), structuring its development in 
accordance with the location of the dolomitic features in the area (City of Budaors, n.d.). The 
dolomite in Europe (being between 210 and 240 million years old) and North America, as opposed to 
the 2.3 +/- billion-year-old dolomite in Gauteng, makes comparison difficult in terms of 
developmental risk profile and solutions. The older dolomite is more weathered, presenting a higher 
hazard profile in relation to the occurrence of subsidence and sinkholes through the interaction of 
water that practically dissolves the dolomite (Buttrick, van Rooy and Ligthelm, 1993).
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According to Fleury's publication Land use policy and Practice on Karst Terrains: Living on Limestone 
(2009), in the USA, there is a move away from development on dolomitic ground, towards avoidance 
of dolomitic risk. Even though Fleury considers a review of the regulatory impacts and potential 
direction of development on dolomitic ground in the USA, not much attention is given to the 
physical vulnerability of settlements from the basis of differentiating between settlement types or 
characteristics where development is unavoidable. Such required development is present in South 
Africa, since development on dolomitic ground is virtually unavoidable except in areas with very high 
hazard levels or sparse population densities.
2.5.2 The implications of dolomite for development
South African research and associated literature regarding dolomite and development on dolomitic 
ground is internationally recognised as advanced and innovative (Heath, personal communication, 
2011). Flowever, the vast amount of research and associated literature on geotechnical 
investigations regarding dolomite focuses on greenfield development and formally planned 
residential areas (Brown, 1985; de Beer, 1987; Roux, Warwick and Meintjies, 1998; Warwick and 
Roux, 2004). In addition, these studies focus on the probability, frequency and severity of potential 
hazardous subsidence events and sinkhole formation. The research is therefore not always 
applicable to existing and in particular informal developments, where human behaviour may 
significantly influence the occurrence of sinkholes (through leakage of wet services infrastructure), 
or where upgrading of informal settlements through the provision of basic services is done without 
implementation of monitoring and maintenance programmes (Heath, personal communication, 
2011).
In South Africa, dolomitic ground refers to land underlain by relatively shallow dolomite (up to 60m 
in areas where water table levels can be effectively managed and 100m where the levels cannot be 
controlled) (Heath, Oosthuizen and Grobler, 2007). It may contain dykes that divide the dolomite 
into compartments, thereby influencing groundwater compartmentalisation and -flow. Karst 
landscapes, which dolomitic land is classified as, result from the balance between two opposing 
geological forces, namely water-based weathering forces and the innate resistance of the rock to 
change (Jack, 2011). When water combines with carbon dioxide (C02) from the atmosphere or 
surface soil, a weak solution of carbonic acid (H2C03) results, which slowly dissolves the dolomite 
(ibid.). Fissures may gradually open and spread underground. The surface of dolomite rock is often
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compared to elephant skin, since it closely resembles the colour, form and texture of the hide of an 
elephant (Figure 2.5.2a).
Figure 2.5.2a: The typical surface of dolomite rock (Bakenkop Primary School, Centurion)
Source: Author's photograph (2015).
The fissures may enlarge as more surface water is funnelled into them. They may eventually cause 
subsidence of the ground or open into sinkholes, directing additional water into the subsurface as 
they grow. Sinkholes may also form when cavern roofs of underground chambers, many metres 
below the surface, collapse. The underground cavities are irregular in size and unequally distributed 
underground (FGS, n.d.; Martini, personal communication during underground speleological 
excursions in which I participated with the South African Speleological Association (SASA), 1998), 
making prediction of hazard levels subjective. This irregular nature of the size and distribution of 
underground cavities are prevalent even when high investigative drillhole densities are applied (i.e. 
where geotechnical investigations space holes relatively close to each other, to determine dolomite 
hazard levels). Figure 2.5.2b shows underground cavities ranging from two to six metres in width in a 
100m x 80m birds-eye view of a survey of an underground cave, at approximately 60m depth, near 
Carletonville.
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Figure 2.5.2b: Example of underground cavities in dolomite, as seen from above
Source: Redrawn from SASA: Portion ofNH3 Cave Survey (1982).
Under natural conditions, groundwater may fill many of the underground cavities and present 
relatively stable ground (Figure 2.5.2c). However, even without dewatering of underground aquifers, 
dolines and even sinkholes may form (CGS, n.d.(a)), so although groundwater level stability 
decreases the level of hazard, it does not remove the hazard altogether.
NEGLIGIBLE GROUND MOVEMENT ARCH GROUND MOVEMENT APPRECIABLE
PARTIALLY OR FULL DEVELOPED ARCH NOT FORMED
Figure 2.5.2c: Cross-section side-on view of typical dolomitic ground
Source: Redrawn from Buttrick et al. (1993:54).
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Areas underlain by dolomite may not experience dolines and sinkholes formation. For example, 
Thembelihle, the location of which is visible in Figure 1.2.3a, have been free of dolomite impacts for 
more than 30 years (Williams, personal communication, 2011). Flowever, this does not rule out any 
sudden increase in instability. Unless the subsurface situation is therefore understood and the 
hydrological regime remains stable, decision making regarding the probable dolomite hazard 
frequency and severity is difficult (Heath et at., 2007). Even after thorough investigation the 
expected hazard level still does not guarantee that large sinkholes may never occur in an area where 
small sinkholes and a low hazard level is predicted.
Other matters that affect the level of hazard include ponding of water, leaking swimming pools, 
watering of gardens and run-off from roofs close to building foundations (FGS, n.d.; DPW, 2010; 
Fleath, personal communication, 2011). Schoning (1990) found that in 380 cases of subsidence or 
sinkholes in the dolomitic area south of Pretoria, 94% were induced as a result of human activity (or 
lack thereof, in the case of leaking pipes). Recent opinion suggests that up to 99% of these 
occurrences in Gauteng directly relate to wet infrastructure leaks (Kleynhans, personal 
communication, 2012; McLuckie, personal communication, 2015).
2.5.3 Investigating technical practices
When measuring physical vulnerability related to natural hazards, components such as the structural 
type of building, building contents and outside properties come to mind (Dutta and Tingsanchali, 
2003). These elements are often combined with the probability, severity, duration and return period 
of a potential hazardous event and in the instance of specific geo-hazards such as floods, with 
additional input such as depth and velocity.
When evaluating the risk presented by sinkholes and dolines, the following additional elements 
should be considered:
• probability of a sinkhole coinciding with a house;
• potential size of the sinkholes;
• probability of a sinkhole coinciding with a family or group of people;
• probabilities of relevant additional events (where a building is located on a sinkhole; where 
the building is occupied when struck; the probability of occupants being at home when this 
happens; members of the family group being fatally injured);
• levels of tolerance;
80
• number of people/ha; and
• dwelling density of the area under development (Kirsten et al., 2009).
Investigation methods and approval processes for developing on dolomitic ground are poorly 
understood outside of geotechnical engineering circles (Davis, personal communication, 2013). Even 
urban planners, geologists and structural engineers who do not have experience in design of 
buildings on dolomite may not be familiar with the complexities of the challenges that it presents 
(ibid., Camper, personal communication, 2015). The intricacies involved in decision making regarding 
whether or not to develop or upgrade settlements in particular locations are therefore questioned 
by officials, communities and even engineers or learned academia who perceive the assessments to 
be punitive or restrictive in nature (GCRO, 2012a) as opposed to supporting and promoting DRR 
(GCRO, 2011c). The permissible development types also often bear little resemblance with the 
reality and the forms of development or upgrading that may be viable in all other respects, given the 
dwelling forms and layouts in existing settlements (Huchzermeyer, personal communication, 2015). 
The information provided below aims to provide a glimpse into the complexities involved.
Geotechnical assessment for determining development risk on dolomite consists of a range of 
location-based analyses and delineation of zones of probable hazard levels. An investigation of this 
nature may involve geophysical surveys (such as gravity surveys), rotary percussion drilling, 
geological and topographical surface mapping, test pit excavation, hand-held augering and profiling 
of the geological strata, with subsequent subsurface profiling (CGS, 2007). Knowledge of the 
dolomite bedrock topography and -conditions are critical to establish the hazard level (Watermeyer, 
personal communication, 2013). Drillholes should enter at least 6m of solid bedrock or bore to a 
depth of 60m where bedrock is not present (CGS, 2007; McLuckie, personal communication, 2015).
Ground water levels have a significant bearing on dolomite stability as Brackley et al. (1986) proved. 
In areas where uncertainty exists regarding groundwater level depths and groundwater abstraction 
regimes (Kleynhans, personal communication, 2012) the drillholes may have to go to a depth of 
100m (CGS, 2007). Furthermore, the hole density needs to comply with at least the minimum 
requirements determined by regulations. These factors cause dolomitic hazard assessment to 
include a measure of subjectivity (Health, personal communication 2011). In the case of low-income 
settlements, and as noted before, the space between dwelling units often restricts access for drilling 
equipment thus prevents the required drilling density to be achieved. Subsequently, there is even 
more subjectivity in the understanding of the hazard level to which the community will be exposed.
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The field investigation and borehole logs translate into maps or site plans indicating geotechnical 
stability and dolomite hazard zones (CGS, 2007). These zones reflect groupings of the probability of 
surface manifestation and potential diameter of sinkholes in metres (SABS, 2012) (whether the holes 
may be small, medium, large and so forth). There is no fixed rule regarding the size of sinkholes due 
to the unpredictable nature of dolomite subsurface structure, and therefore the diameters are 
suggested only. This means that even in areas where sinkholes sizes are expected to be small, it does 
not eliminate a large one from occurring (Heath, personal communication, 2011).
Based on the subsequent potential for loss of life, the optimum dwelling density and stand sizes for 
an area is determined (Kirsten et al., 2009). Qualified persons (as approved by the CGS) make 
recommendations; whereafter the report is reviewed and filed by the CGS (Heath, personal 
communication, 2011). Additional investigation may confirm or amend the risk zones and update or 
refine initial recommendations over time (CGS, 2007). This process outlines the consideration and 
approval of development type, unit density, remedial and precautionary measures and mitigation of 
risk in the form of a risk management plan (Heath, personal communication, 2011). For unapproved 
settlements, as well as a large portion of historical formal developments on dolomite, risk 
management plans do not exist, since the developments occurred before CGS requirements were 
introduced (Heath, personal communication, 2011; McLuckie, personal communication, 2015). The 
problems posed by informally developed areas, with risk exposure already being precarious, are 
exacerbated when unauthorised additional backyard room or lodging units are constructed, leading 
to subsequent unintended additional densification (ibid.). Uninformed residents, being unaware of 
the disaster risk they face by inhabiting property on such potentially dangerous ground (Cowie, 
personal communication, 2012), may add to this situation poor maintenance of wet services or the 
construction of garden water features or ponds, without knowing the impact that even a small leak 
may have over time.
The Occupational Health and Safety Act (OHSA) (no 58 of 1993 (Department of Labour, 1993)), the 
Bill of Rights (Republic of South Africa, 1996), The Housing Act (no 107 of 1997 (Republic of South 
Africa, 1997)), the Housing Consumers Protection Measures Act (no 95 of 1998 (Republic of South 
Africa, 1998)) the Municipal Systems Act (no 32 of 2000 (Republic of South Africa, 2000)) and the 
Housing Development Agency Act (no 23 of 2008 (Republic of South Africa, 2008)) stipulate rights 
and responsibilities of actors in the development process, ultimately increasing the physical and 
legal protection of residents. Following suit, dolomite site investigation and management regulations
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were also recently revised (SABS, 2012). These amendments allow for additional considerations and 
requirements to be met before development on dolomitic ground is allowed, and include but are not 
limited to:
• no dwelling or portion thereof may be located on high risk land (in terms of hazard level 
zoning);
• structures must be designed to withstand ground movement by way of treated foundation 
systems and structural design (such as raft foundations); and
• transient densities of towns and cities should be controlled in orderto limit the exposure of 
the public to ground movement incidences and possible disasters (CGS, 2007; SABS, 2012).
Unfortunately, though well intended, these considerations do not address informal densification 
which is a common feature of low-income settlements, or poor wet services maintenance and water 
ingress associated with human behaviour (Stoch, personal communication, 2014). There is also no 
standardised retrospective implementation strategy for historically settled areas (ibid.), thus causing 
an imbalance between new and old, permitted and non-approved, and formal versus informal 
settlements.
Disaster risk assessments, vulnerability evaluations and spatial hazard zoning often assume that 
receptors of disaster impacts have equal access to the risk study area. This process presents the risk 
as an average for the area or parts thereof (Hope, 2001). This averaging assumption is also applied to 
dolomite hazard assessments, where drillhole concentration provides insight into the underground 
structure. The homogenisation of drillhole results into hazard zonings on a map further averages out 
potential specific small variations underground. Even if done using conservative bias, the result does 
not consider the random probability subsidence and sinkholes.
The fact that receptors such as individuals and households may not be present evenly at all times 
throughout the studied area since they may move, migrate, density and occur completely at random 
increases the uncertainty of exposure. This scenario is especially true for informal settlements, 
where there is often no defined or repeated spatial dwelling pattern which can be used to quantify 
the dolomite hazard. The averaging assumption can therefore potentially lead to erroneous, unduly 
advantageous or unfavourable outcomes (Strydom, 2003). The complexities and uncertainty of the 
interaction of human habitation with technical investigations will remain a challenge. This research 
therefore does not repeat the existing scientific base, but deepens the debate by including non­
technical parameters.
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2.5.4 Availability and use of information
The extent to which human behaviour causes sinkholes varies between geographical locations. In 
Missouri in the United States of America (USA), only 49% of sinkholes are human-induced (Reger, 
2010). The prevalence of human-induced sinkholes on dolomite in South Africa is significantly 
higher. Schoning (1990) presents a comprehensive compilation of empirical results that shows a high 
correlation (94%) between the incidence of poor maintenance and waterborne infrastructure 
leakage with the incidence of sinkholes and subsidence. Although exact figures are not currently 
available, this finding was indicated to remain valid in the context of dolomite in Gauteng, as 
confirmed during separate interviews with Heath, Kleynhans and McLuckie (Health, personal 
communication, 2011; Kleynhans, personal communication, 2012; McLuckie, personal 
communication, 2015). Human behaviour in regards to infrastructure maintenance should therefore 
be deemed of importance when considering the debate in South Africa.
Although some sinkholes observed during my research were seemingly caused by improper 
installation (for example Figure 4.2.3a where sinkholes existed at almost every manhole along an 
entire stretch of pipeline), the vulnerability of settlements to dolomite is perceived to be related 
socio-economic situations of its residents (Heath, personal communication, 2011). Although 
statistical information is not available to prove the predicament, higher income households are 
expected to be able to mitigate runoff stress via installation or redirection of gutters, storm water 
drainage maintenance, and high quality plumbing, whereas socio-economically distressed 
communities do not necessarily have alternatives.
Data collection regarding dolomitic investigations emerged when the first guidelines for 
development on dolomite in South Africa evolved in the 1970s. During initial development and 
implementation of standards and guidelines, reports and investigation results were not kept as 
diligently as is currently the case (ibid.). As guidelines evolved (NDH, 2002; CGS, 2007; DWA, 2009; 
SABS, 2009; DPW, 2010) requirements for reporting and record keeping increased in parallel. The 
most recent standards (SABS, 2012) require not only the results of investigations and risk 
assessments but also risk management plans to be maintained for all development on dolomitic 
ground. The result is that a vast number of geotechnical risk assessments and records of 
construction interventions, monitoring and maintenance programmes being archived. The CGS has a 
databank where many of these site investigations and reports are being archived (CGS, n.d.(b)). 
However, report submission remains voluntary since there is no legislation that compels record 
submission of dolomite assessments to a centrally accessible location. In addition, some private
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developers and companies require confidentiality of the reports to be maintained and thus refuse 
access to their reports (Warwick, personal communication, 2011).
In addition to the difficulties related to availability of and access to information, occasionally 
subjective interpretations have been found to be done in the past (Heath, personal communication, 
2011), exacerbated by private interest in the funding of investigations (Davis, personal 
communication, 2013). Changes to regulations and guidelines overtime makes historical comparison 
of research and reports difficult. A large number of engineering reports and a smaller number of 
academic research reports and publications that interrogate settlement development on dolomite 
(Wagener, 1982; Brown, 1985; Roux et al., 1998; Trollip, 2006; Kirsten et al., 2009; Coetzee eta i, 
2010; Oosthuizen, 2013) also focus primarily on middle- to high income developments. Buttrick et al. 
(2011) is the only published article that specifically considers the low-income settlements-on- 
dolomite conundrum. This places low-income settlements in a precarious situation where the 
subject not only remains under-researched, but un-nuanced, since different make-up of settlements 
is not considered.
Galve et al. (2008) proved that an array of qualitative and somewhat subjective classification 
processes exist internationally for natural hazard investigations. In South Africa, even though 
regulations and guidelines changed overtime, the dolomite assessments have been standardised as 
best possible, as confirmed by Buttrick et al. (1993), Van Schalkwyk (1998), and Buttrick, van 
Schalkwyk, Kleywegt and Watermeyer (2001). Currently, the assessment of dolomitic ground 
stability is done via multiple tabular references and matrixes (SABS, 2012), the interpretation of 
which often confuses persons who are not familiar with the assessment process and relationships 
between the tables and matrixes.
In addition, the classification system is not always applicable to low-income settlements that are 
already located on dolomitic ground, since the assessment process may, as noted earlier, not be 
feasible. In the South African National Standards (SANS) 1936: 2012, the Inherent Risk Class (IRC) 
characterisation ranges from Class 1 to 8, with 8 reflecting high inherent risk of very large sinkholes 
and doline formation. Some of these classes are further defined to reflect differences in the 
mobilisation potential of the dolomite. Then, building classes (A to J, with sub-classes) are associated 
with the IRC's, with no development allowed on IRC 8 and residential development only allowed up 
to IRC 5 (IRC 6, 7 and 8 allows no residential development). Each building class is defined in terms of 
its characteristics as well as occupancy. This is where the Standards are un-nuanced in regards to
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low-income settlements. Table 2.5.4 presents a summary of the building classes. Type H refers to 
residential occupation; however, there is insufficient characterisation of non-site or stand-based 
dwellings as found in low-income settlements and particular in informal settlements. The design 
population for building type H I and H3 is two persons per bedroom and H2 is one person per 5m2 
(ibid.).
Table 2.5.4: Summary of classification for buildings on dolomite
Class Description
A1 to A5 Entertainment and public assembly, theatrical and indoor sport, places of instruction, worship and outdoor 
sport
B1 to B3 High, Moderate and Low risk commercial services
Cl and 
C2
Exhibition hall and Museum
D1 to D4 High, Moderate and Low risk industrial, and Plant room
El to E3 Place of detention, Hospital and other residential-type institutional occupation
FI to F3 Large and Small shops, and Wholesale store
G1 Offices
HI to H4 Hotel, Dormitory (where groups of people are accommodated in one room), Domestic residence 
(occupancy consisting of two or more dwelling units on a single site), Dwelling houses (a dwelling unit on 
its own site, including garage and domestic outbuildings)
J lto  J4 High, Moderate and Low risk storage, and Parking garage
Source: SANS (2012).
The guidelines with respect to density of residential development to a large extent do not 
accommodate low-income settlements. Residential types are referred to in terms of gentleman's 
estates, residential type 1, 2 and 3 (as per town planning terminology), and affordable housing. 
Stand sizes of 300m2 to 1000m2 consider largely single dwellings on stands and not where for 
example hundreds of informal dwellings could exist on large non-proclaimed spaces. The affordable 
housing type considers one dwelling per 300m2 or larger (ibid.). This lack of distinction is evidence to 
the complicated decision making process when considering upgrading of existing informal 
settlements on dolomitic ground in particular.
Dolomite hazard classification and risk analyses for development purposes are typically done on a 
site-by-site (usually a stand or erf) basis. Different stand owners could very likely get different 
experts to conduct surveys at different times. Therefore, the evaluation of two adjacent sites may 
not match due to differences in survey technologies and analysis techniques available or used at the
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time. Even if the same methods and drillhole data is used for a property, experts may disagree 
regarding the interpretation (Heath, personal communication, 2011) especially where, as explained 
earlier, access to historical reports are a challenge. In addition, a zone classified as high dolomite 
hazard may lie directly alongside a zone classified as low hazard and they may both occur on a single 
erf (ibid.). This adds to the challenge already alluded to, of applying traditional standards and 
guidelines and engaging in drawn-out deliberations when considering low-income settlement 
development or upgrades.
2.5.5 Responses to human settlement dolomite risk
In Gauteng, scientific research regarding settlement infrastructure development on dolomite is 
widespread (Wagener, 1982; Brown, 1985; de Beer, 1987; Buttrick et a!., 1993; Roux, Warwick and 
Meintjies, 1998; Brown and de Beer, 1989; DPW, 2003). These research outputs do not consider 
small sized dwellings that exist in low-income settlements. Kirsten et at. (2009) proposed a method 
to consider dwelling risk exposure on dolomite, based on individual dwelling characteristics and 
assuming the size of a dwelling to be at least 13mxl3m. They include parameters such as:
• a household consisting of five persons;
• the space inhabited at any given time covering an area of 5mx5m of the total dwelling 
surface; and
• the proportion of the household that may be fatally injured when the dwelling collapses into 
a sinkhole.
Their proposed method is useful to consider safety risk to the inhabitants of a dwelling and could be 
adapted to smaller dwellings. Unfortunately, one limitation remains, namely unit density 
considerations, where in low-income settlements the dwelling density is significantly higher than 
what is covered in SANS 1936 (SABS, 2012). Thus, the suitability of their proposed method remains 
inapplicable to informal settlements.
Kesten (2005) and Coetzee et al. (2010) aimed to integrate dolomite risk technicalities with disaster 
risk management as considered by the Disaster Management Act (57 of 2002) (Republic of South 
Africa, 2002). However, they have not had a significant influence on the consideration of low-income 
settlement development on such ground. Furthermore, sinkholes do not dominate the disaster 
prevention, mitigation and response literature due to their relatively small extent (at stand level) 
and random occurrence. Apart from a number of headline-making sinkhole and subsidence 
occurrences in the 1960s and 1970s (cited in Geocaching, 2014), and again since 2000 (cited in
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Kaytech, 2006; Heath, 2011, quoted in News24; Chapman, 2013; Martins, 2013a, b; Ndaba, 2013; 
Velleman, 2013; du Plessis, 2014; Greve, 2014; Mnguni, 2014; Meijer, 2015), sinkholes have not 
received much attention in the media. The type of 'sinkholes' that tended to reach news headlines 
were in some cases not related to dolomitic soils but rather to infrastructure inadequacies on other 
types of geology (Hlubi, 2011).
Municipalities acknowledge the pressure that settlement densification is placing on wet services 
infrastructure and ultimately community safety on dolomitic ground (CoT, n.d.; Grobler, personal 
communication, 2014). To this end EMM implemented key interventions and processes involving 
specialist staff and pre-approved consultants, thus pre-empting response to dolomite dangers in 
their area of responsibility (Kleynhans, personal communication, 2012), and CoT instituted a 
guideline for implementation of disaster risk management programmes on developments and 
property upgrades within their jurisdiction (CoT, n.d.; McLuckie, personal communication, 2015).
Uncertainties related to the probability of dolomite hazards manifesting in urban areas are 
highlighted when the impacts of global climate change and subsequent changes in rainfall patterns 
are considered. Changes in water volumes, run-off and ponding regimes (SEA, n.d.) signify a 
potential increase in subsidence and sinkhole occurrences since these are often generated by a 
change in the soil moisture regime (DWA, 2009; DPW, 2010). Therefore, dolomite disaster impacts 
are far from being understood in totality even when existing standards and technical guidelines are 
applied to low-income human settlements.
2.6 Settlement characteristics
"Understanding different settlement types in South Africa ... becomes 
crucial to the sustainable development debate in this country"
(CSIR, 2007: 18)
2.6.1 Settlement classification for vulnerability insight
Urban structure and morphology research started in the 1930s with academic and scientific 
investigation into what was then considered modern city planning and development processes 
(Christaller, 1933; Lynch and Rodwin, 1958; Chinitz, 1960; Warner, 1962; Alonso, 1964; Glaab and 
Brown, 1967; Moses and Williamson, 1967; Mills, 1967; Muth, 1969; and Fales and Moses, 1972 in
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Anas, Arnott and Small, 1998). Since then, urban structure and morphology research have seen 
changes in form and scale, including association from city-wide to sub-nodal scale based on changes 
overtime in economy, communication and transport options. The latter changes are especially 
notable during the 1980s and early 1990s (Thomas, 1981; Getis, 1983; LeRoy and Sonstelie, 1983; 
McDonald, 1987; Cronon, 1992; and Garreau, 1992; in Anas et a i, 1998). From this basis, a focus on 
urban analysis emerged that support the delineation and classification of settlement types and - 
settlement characteristics, from suburb-level to building footprint analysis. This zooming-in process 
was facilitated by increased availability of remote sensing data such as high resolution aerial 
photography and satellite imagery, with associated hardware and software such as those provided 
by GIS that facilitate high-volume spatial data analysis. Research presented by Herold, Liu and Clarke 
(2003), Steiniger (2006), Banzhaf (2007), Blum and Gruhler (2010), Jiang and Yao (2010), Meinel 
(2010), Herold, Roehm, Hecht and Meinel (2011), Blanco and Schanze (2012), Herold, Meinel, Hecht 
and Csaplovics (2012), and Meinel (2012) provide a glance at the development and improvements 
that have been made overtime in this regard.
The UNISDR defines vulnerability as the degree to which a settlement, individual, household, 
community, area or development may be adversely affected by the impact of (such) hazard(s) 
(UNISDR, 2004). The concept of human settlement vulnerability, linked to low-income and needs- 
driven settlement growth patterns, is defined in different ways (van Westen and Kingma, 2008), 
based on the hazard(s) present in that settlement (Storie, 2012a). The factors or processes that drive 
this inter-related hazard versus settlement relationship require an in-depth evaluation in order to 
achieve a conclusive vulnerability assessment (Storie, 2012b). Such an evaluation requires accurate 
spatial data, both for the settlement and in regards to the hazard.
Huchzermeyer, Karam and Maina (2014) investigated informal settlement forms in Johannesburg 
using GIS and satellite imagery. They highlighted that the magnitude of settlement informality is less 
than what official figures of the City of Johannesburg represented. They also found that vector- 
based spatial data, aerial photography, satellite image interpretation and catalogued databases of 
informal settlements show significant differences in the way in which such settlements are 
identified, classified and treated from a developmental perspective. This alludes to not only the 
important role of timeous and accurate data, but also the methods of analysis or interpretation of 
raw data, thus so-called "metadata" related to the source and creation method of data. Often, by 
the time that development decisions are made or upgrading is due to take place, settlements may 
not have the same spatial layout, extent or dwelling types as was present when data collection and
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image analysis which informed the process was done (ibid.). Thus, settlement studies based on 
spatial data or municipal databases from even a year or two before studies are completed, may not 
be valid unless field investigations and adjustments are made based on ground-truthing shortly 
before the development or upgrading begins. In response to this situation and with input from the 
National Upgrading Support Programme (NUSP), the City of Johannesburg in particular, has changed 
its methods of engagement with informal settlements to ensure that development and upgrading is 
relevant by the time that it commences.
International research regarding low-income settlement types place a significant focus on the 
location-based component such settlements, as alluded to by Birkmann and Fernando (2008), 
Bostrom, French and Gottleib (2008), Glade et at. (2005), Birkmann (2006), McGuire (2004), 
Merriman and Browitt (1993), Mitchell (1999) and Smith (2004). Flowever, the physical 
characteristics of settlements in relation to location-based vulnerability have been less explored 
(Pascual, Garcia-Montero, Manzanera, Arroyo-Mendez, Beltran and Caballero, n.d.). The key 
elements of settlement type consideration for physical vulnerability assessment appear to include at 
least dwelling type and average settlement density (Bunce, 1982; Alexandrova, Hamilton and 
Kuznetsova, 2006; CSIR, 2007; Pillay, Rule, Rubin and Ntema, 2010; Pascual et al., n.d.).
In the referenced literature, dwelling type commonly refers to individual dwelling units that may 
differ in form, construction method and fabrication materials. Density considers the size of units in 
relation to stands, as well as distance between units, thus translating into a percentage difference 
between built-up ground surfaces versus that which is left open. Additional elements taken into 
account when estimating physical vulnerability of settlements include:
• geographical location, which can be determined using, for example, remote sensing and 
aerial photography making use of GIS software (Pascual et al., n.d.; Busgeeth et al., 2008);
• dwelling design, type and material (CoJ, 2000);
• dwelling unit density in relation to each other (Glass, Morkel and Bangay, 2006);
• proximity and type of service infrastructure or resources; and
• socio-economic elements of the individuals and households (GCRO, 2011c).
Although these characteristics differ among settlements, the physical vulnerability that it translates 
into is pronounced in low-income areas. The financial status of low-income residents and their often 
compromised educational background further exacerbates the resultant disaster risks to which they 
are exposed (Stoch, personal communication, 2012).
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2.6.2 Low-income settlement classification for dolomite in South Africa
Settlement studies are commonly based on theoretical exploration that has a spatial and practical 
component (Mdakane and van den Bergh, 2012). In South Africa, settlement classification systems 
follow this trend and rely significantly on spatial density classification via the use of cartographic 
maps, aerial photographs and remote sensing in GIS and mapped formats. The South African Human 
Settlements Atlas (CSIR, 2009) uses the same base data types and provide significant insight into, 
among others:
• spatial representation of residents' quality of life (via an index based on productive life, 
shelter, safety and health);
• spatial quality of place (via an index based on viability, diversity, accessibility, efficiency and 
protection of resource use);
• differentiated settlement investment potential; and
• profiles based on the quality of life and of place index of areas, linked to recommended 
types of housing and supportive service investments per type.
The Atlas aims to provide decision makers with categories of settlements that relate to development 
and investment potential across South Africa. Density considerations from the Atlas that are relevant 
to low-income settlements in the context of dolomite hazards include areas of very low, low and 
medium density. In these three categories the following is covered:
• single detached units that may include government-subsidised or privately funded dwellings;
• single detached units with backyard dwellings;
• semi-detached units such as duet houses and detached duplexes; and
• cluster housing such as townhouse complexes, detached triplexes and low-rise apartments 
(three to four storeys high);
all which have a wide array of tenure types (ibid.). These categories and descriptions are to some 
extent reflected in the settlement types covered in my research.
Glass et al. (2006) explored informal settlement layout patterns in settlements using aerial 
photography and satellite imagery, combined with procedural techniques. Their assessment 
focussed on spatial classification of some of the typical informal settlement layouts in South Africa, 
in accordance with geographical modelling processes. They proved that it is possible to generate 
graphical settlement layout models and digitally simulate some of the patterns found in informal 
settlements. They classified informal settlements into clusters (types), however did not include 
topographic influences which may influence settlement form, thus limiting the application of
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enactments of their spatial distribution method to individual settlements on level ground. 
Nevertheless, their study provides insight into the spatial form of low-income settlements and the 
manner in which dwelling density can be considered when using aerial photography.
An example of a "toolkit", appropriate for settlement type assessment in South Africa, was produced 
through collaboration between the Human Sciences Research Council (HSRC), CSIR and Department 
of Science and Technology (DST) (Cross, 2008b). Their settlement survey results were based on 
demographic and socioeconomic factors, migration elements, spatial planning elements and the 
density of populated areas, "as a new kind of applied demography aimed at delivery planning" (ibid.: 
3). It was subsequently used to further develop the Human Settlement Atlas (CSIR, 2009) which was 
described earlier. The classification aims at "effective spatial planning at municipal level" (ibid.: 7) 
and identification methods are suitable for differentiating the variety of settlements that exist 
throughout the country, based on service delivery and economic elements as well as the density of 
dwellings. Even though the study is in-depth and may be applicable to the low-income settlement 
investigation, it does not consider the potentially hazardous ground on which some settlements are 
built, as a reason for differentiating between settlement forms.
Even though it is "very difficult to separate settlement and housing types" from each other (CSIR, 
2007: 19), there has been a steady increase in research related to settlement types (Blum and 
Gruhler, 2010; Meinel, 2010; Knowledge Factory (KF) n.d). In South Africa, the Knowledge Factory's 
Cluster Plus (CP) 34-class categorisation (KF, n.d.) is useful for distinguishing income and density 
variations. Although approximately seven of these classes could be useful for purposes of my 
research, CP focusses on providing commercial businesses with profiles of their potential customers 
and therefore remains somewhat off-target for low-income communities. CP does, however, provide 
insight into settlement income levels, for considering the potential for household-level wet services 
infrastructure maintenance regimes.
The consideration of settlement types, dwelling design and settlement density classifications are 
defined in a variety of literature that relate to South African conditions (KF, n.d.; CSIR, 2007; Cross, 
2008a; CSIR 2009; Pillay et at., 2010). However, each classification has its specific aim and does not 
consider parameters that relate to potential danger from a physical disaster perspective. When 
dolomite is the hazard, there is little literature that considers low-income settlement type 
classification. As mentioned before, urban density related to dolomite-underlain land for middle- 
and high-income residential dwellings, large complexes and commercial developments are well
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researched (Wagener, 1982; Brown, 1985; de Beer, 1987; Roux et ai, 1998; Trollip, 2006; Kirsten et 
al., 2009) and strict guidelines and requirements exit as to wet services infrastructure provision, 
monitoring and maintenance (CoT, n.d.; SABS, 2012). However, the same rules do not hold true for 
settlements where low-income households and informality in housing structures dominate.
The situation makes the provision of basic waterborne infrastructure to low-income communities, 
especially in respect of historical settlement, a highly contested arena (EMM v Dada, 2009; 
Nokotyana v EMM, 2009; Pheko v EMM, 2011a; Mnisi v CoJ, 2014). In the struggle for legitimisation 
of settlements on dolomitic ground opposing parties tend to argue their case from dissenting 
platforms that do not necessarily consider settlement typology. For example, the Bill of Rights 
(Republic of South Africa, 1996) stands in opposition to Geotechnical regulations (SABS, 2012) 
regardless of settlement characteristics or inhabitant awareness or behaviour. Where no common 
ground exists, the disparity results disable the achievement of mutually beneficial solutions for all 
parties concerned. My research aims to assist in addressing this information gap that exists 
regarding low-income settlement types and the vulnerability of low-income settlements on 
dolomite.
2.7 Conclusion
The literature review provides insight into the key features that form part of the development-on- 
dolomite debate. As a primary focus, disaster risk assessment and disaster risk reduction is pursued 
in the international context of settlement vulnerability. With low-income settlement development 
and housing policy approaches in South Africa ever-evolving there is sometimes a disjuncture 
between the focus areas of housing or planning experts, versus engineering and geotechnical 
responses to the reality. Even though all the approaches seek to achieve sustainable urban 
development, the outcomes may be aimed at different outcomes and methods of achieving those 
outcomes.
The challenges associated with development on dolomitic ground are internationally and locally 
well-known. In the South African context, research, policy and guidelines regarding development on 
dolomite are usually directed by practitioners who operate in the geotechnical and engineering field. 
This makes the application of development standards on dolomite practical. However, where 
informal settlements are concerned, the situation remains un-nuanced, with physical constraints 
related to risk assessments, as well as potential to interpret some of the contents of guiding
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documents differently. The challenge results in contested and drawn-out responses to 
developmental challenges related to low-income settlement development and upgrading, as well as 
proliferation of informal backyard densification in formal settlements.
In response to the gaps identified in existing research and literature, Chapter three presents the 
research method employed to investigate and address some of these gaps. The chapter introduces 
the pre-feasibility investigation and literature review for the study. Thereafter, continued literature 
review and fieldwork, consisting of interviews and workshops as well as field observations and site 
visits deepened the investigation. The analysis included result data capture and analysis, using 
analytical process software. Section 3.3 provides the literature review of the analytical method used 
as well as challenges that were experienced during the process, and how it was overcome.
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CHAPTER 3: RESEARCH METHODS
3.1 Introduction
Natural hazard risk assessment research shows a preference for quantitative as opposed to 
qualitative analysis techniques, since it allows for "more ... objective output and an improved basis 
for communication between the ... categories involved in technical and political decision making" 
(Uzielli etal., 2008: 251). In contrast, human behaviour investigations commonly engage in 
qualitative techniques (Tesch, 1990; Kvale, 1992; Amaratunga, Baldry, Sarshar and Newton, 2002). 
The cusp between multiple disciplines and the resultant complexities of my research calls for a dual 
approach that includes both quantitative and qualitative research elements. The quantitative 
component engages statistical assessment techniques, supported by qualitative research related to 
human behavioural elements. In this manner, investigations into decision making guide the 
development and maintenance of the urban space cross the boundary between qualitative and 
quantitative research.
To a large extent, the research evolved organically after my initial interest in low-income settlements 
on dolomite was piqued in mid-2010, by in-office discussions at the GCRO regarding planning and 
development concerns in Gauteng. The initial interest evolved into a literature review, which 
supported the research proposal compilation. The literature review also provoked visitations to 
areas where low-income settlements existed on dolomite in and around Gauteng. During this time I 
met a number of community members from low-income settlements on dolomite, as well as 
specialists from different disciplines who had interests in the development-on-dolomite debate, who 
enabled insight into their respective viewpoints. The next step was to select sample sites where in- 
depth observations could be made and information could be gained to develop a research 
questionnaire. I soon realised that my aim of developing a settlement vulnerability curve based on 
individual comment and inputs from geotechnical specialists who could be identified or quoted on 
their inputs was not feasible. Instead, as mentioned in Chapter two, I applied a Multi Criteria 
Analysis (MCA) method, namely the Analytic Hierarchy Process (AHP) to gain anonymous inputs from 
the specialists.
The research has been categorised into three phases, the activities and methods within each phase 
being detailed in Section 3.2. The research phases and steps in phases overlap, since availability of 
specialists for purposes of engagement could not be determined or confirmed for specific dates
95
during the course of the research and had to be adapted based on their availability. Availability of 
financial resources further required flexibility in the timing of activities across research phases.
Phase 1 commenced in mid-2010 and continued until May 2012. Phase 2 commenced in November 
2011 and continued until January 2013, and Phase 3 started in August 2012 and continued until mid- 
2015. During Phases 1 and 2, I interacted with over 60 specialists in the field of development-on- 
dolomite in Gauteng. Of these, eight agreed to participate in Phase 3. Their expertise ranged across 
the fields of geotechnical engineering, civil engineering, geology and environmental science. The use 
of the AHP method accommodated the need of specialists to provide anonymous input into the 
research, while gaining effective and appropriate research results. Chapter four presents the 
research results for Phase 1 and 2 of the study, focussing on the characterisation of settlement 
types. Chapter five presents Phase 3 of the study, which is the analysis of the identified settlement 
types integrated with dolomite vulnerability considerations. Chapter six concludes the research 
methodology by discussing the significance of the findings.
3.2 Methodology
3.2.1 Phase 1: Pre-feasibility investigation
Phase 1 of my research involved an in-depth literature review of the multiple components involved 
in the research topic. As mentioned earlier, this process started in mid-2010. The main part of Phase 
1 concluded in May 2012, however refinement continued until mid-2015. The literature review 
included but was not limited to dolomite as geological formation, technicalities of dolomite risk 
assessment, approaches to characterise human settlements, housing policy, disaster risk 
management and -assessment methodology, as well as methods of doing statistical analysis 
especially where multiple variables are involved.
Between January 2011 and May 2012,1 conducted preliminary investigative field visits to over 40 
low-income settlements in and around Gauteng. The locations were chosen based on the literature 
review, opportunity for site access during study leave, and discussions with specialists and informed 
stakeholders that were involved in the development-on-dolomite debate at the time. Based on the 
nature of urban development and dolomitic ground, I often encountered sites and suburbs that 
were of relevance to my research, unintentionally, when I travelled to and from selected sites. The 
visits provided insight into the reality and potential characteristics of low-income settlements in the 
study region. This first phase of the research allowed me to develop and refine my initial research 
methods.
96
3.2.2 Phase 2: Fieldwork
Interaction with specialists and stakeholders
Interaction with specialists and stakeholders during Phase 1 of the research identified sometimes 
opposing viewpoints regarding the challenge of low-income settlements on dolomite. This alluded to 
a need for coordinated dialogue in an open forum, between the technical disciplines and officials 
involved in the low-income settlement-on-dolomite debate. The GCRO took particular interest in my 
research topic at this time and subsequently supported a policy workshop to this end at the 
University if the Witwatersrand. Phase 2 commenced with this workshop in November 2011. I 
facilitated the workshop during which specialists from multiple disciplines engaged in discussion of a 
series of semi-structured questions in relation to the research topic. Approximately 75 persons (an 
approximation since not all attendees signed the attendance register) participated in the workshop.
After the workshop, I continued with informal interviews and discussions with geologists, 
geotechnical engineers, development planners, lawyers, and social and environmental specialists to 
clarify information provided or comments made at the workshop. During these discussions, with 
especially geotechnical- and dolomite specialists a reluctance towards critical engagement surfaced 
on the topic outside of a generic forum. Some of the specialists perceived potential negative 
implications that their engagement or comments may have in regards to their professional standing. 
This resulted in a review of my research methods and outputs, changing the original plan to develop 
of a settlement type vulnerability curve into the consideration of the parameters and perceived 
impacts of parameters on settlement vulnerability, applying the AHP methodology.
Opportunities arose where members of two communities residing on dolomite requested meetings 
to discuss their situation. During these meetings in March and April 2012, I shared information 
regarding my research and about the development-on-dolomite debate with ward councillors and 
community members. In turn, they discussed their viewpoints on the research topic and challenges 
that they face with regard to living on dolomitic ground. They presented their opinions, asked 
questions and discussed their situation as well as potential solutions to the conundrum from a non­
specialist perspective in an open forum. Recordings of the discussions were made but the residents 
requested that these remain confidential and that the information they shared be considered during 
the research but not specifically referenced (CoJ, 2012; GCRO, 2012a). The input I gained through 
their engagement assisted me to design the research questionnaire (referred to in Section 3.2.3).
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Based on the investigative site visits during Phase 1, it was clear that detailed interrogation of all the 
sites would not be possible. Therefore, approximately 12 sites were selected for additional visits 
were conducted during Phase 2. With the identification of content needs for a research 
questionnaire, this number was reduced to eight. These eight sites became the "research sample 
sites" since each site presented different elements of low-income settlements on dolomite, as 
detailed in Section 3.2.2. Most of the site visits were done under guidance of person(s) 
knowledgeable about the sample site's dolomite and development-related concerns. The activities 
during Phase 2 corresponded with further immersion in the theory, literature review and practices 
of development-on-dolomite and especially the assessment of physical vulnerability of settlements.
Field visits and sample site observations
I designed a field observation form (Appendix E) based on the pre-feasibility site visits and literature 
review. The form was adapted after pilot visits to three of the sites, to test its suitability when used 
during sample site visitations. The testing ensured that the capturing of observations made during 
sample site visits were more focused, thus better achieving the research objectives. The site visits 
also enhanced my understanding of human behaviour related to wet services on dolomitic ground.
My research investigated settlements as units with similar characteristics, defined by viewing high- 
resolution aerial photography. I considered that erf or stand-level changes may exist within 
settlements or suburbs, for example: it is possible that individual dwelling units may differ in form 
and function from one stand to the next, or a large stand may contain 30 to 90 sectional title units of 
the same form, or an informal settlement may span thousands of m2 with no relationship to 
cadastral boundaries. This difference in the contextualisation of low-income settlement types 
resulted initially in 38 different settlement classifications. The classifications were reduced and 
grouped into ten types reflecting real-world scenarios and enabling differentiation between these 
settlements on dolomite.
To date, research that aims to find suitable methods, processes and data to use when conducting 
settlement classification remains lively. The active pursuit of classification methods and subsequent 
development of products are discussed in detail in Section 2.6.2. Based on this section of the 
literature review, it is noticeable that different methods of data collection and analysis provide 
different perspectives and type classification for settlements even if they are located on similar 
topographical locations. My research considered settlement types based on spatial density and 
housing materials, culminating in low-income settlement type classification for purposes of this
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research. The resultant settlement groupings present an assembly of manageable types taking into 
consideration the variance in housing form, material, structure and layout that is commonly found 
on dolomitic ground in Gauteng. The primary concern of settlement type identification and 
classification in this context is based on the potential spaces perceived to be open between units in a 
sample plot, along with the level of formality and building materials/construction methods used.
From the pre-feasibility investigation site visits, I selected eight sample sites for further assessment, 
using the form described above. The following criteria guided the sample settlements most suitable 
for purposes of this research:
• Location of the settlement on dolomite (based on spatial information regarding the general 
areas underlain by dolomite, as per CGS);
• Type of dwellings being subsidised housing, informally built or having a presence of backyard 
dwellings (using the identification of dwelling types according to the GCRO 2011 Quality of 
Life survey);
• Homogeneity of dwelling density (as visible from aerial photographs or satellite imagery);
• Accessibility of the site and elements of personal safety that would allow visits to the sites 
numerous times;
• Availability of a specialist or person who is knowledgeable to provide insight into settlement 
and community details with regard to their residing on dolomite; and
• Existence or evidence of past or present development or upgrade conflict or debate.
The settlement type identification involved spatial identification and delineation of potential 
settlements based on location on dolomitic ground, as well as the visibility of dwellings of a similar 
density within an approximately lkmxlkm radius. The process employed the use of GIS software, 
including distance measuring between units and features visible on digital maps. This selection was 
deliberate to allow an attempt at settlement type classification on dolomite. High-resolution aerial 
photography (2.5m x 2.5m) (for example, for the City of Johannesburg (CoJ)) and satellite images 
was employed to do the visual spatial delineation. The eight sample settlement locations are 
presented in Figure 3.2.2.2a, with a more detailed view of each provided in Figures 3.2.2.2b to 
3.2.2.2L
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Figure 3.2.2.2a: Locations of research sample sites on dolomite across Gauteng
Source: Map compiled by AECOM SA (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 3.2.2.2b: The Bapsfontein area
So u rce: M ap co m p ile d  b y  A E C O M  SA  (Pty) Ltd, se rv ice  la ye r cred its: Esri, D ig ita lG lo b e, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, USGS, A EX, G etm app ing, A ero g rid , IGN, IGP, sw isstopo, a n d  the G IS  U ser Com m unity.
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As described in Section 1.2, the Bapsfontein settlement (Figure 3.2.2.2b) consisting of just under 800 
individuals was relocated during the course of my research, while smallholdings remain in the 
vicinity. At the time that it existed, its structure and type was typical to informal settlements located 
on dolomite elsewhere in the province. This site was selected as a sample settlement for purposes of 
the research primarily due to its critical timing in regards to court proceedings (between 2011 and 
2015), and consideration of the National Disaster Management Act (Republic of South Africa, 2002) 
as a driver for relocation.
Winnie Mandela Park (Figure 3.2.2.2c) used to be partly formally developed and partly informal, 
with subsequent development and upgrading taking place during the late 1990s and after 2000. This 
suburb is selected as a sample site since even though it is underlain by dolomite, formal 
development continues and the prevalence of backyard dwellings is increasing. The intersection of 
formal development, RDP-style housing and densification due to backyard dwellings is of particular 
interest in relation to development on dolomitic ground, where the original dolomite risk 
assessment did not envisage the subsequent dwelling densification (Warwick, personal 
communication, 2011).
Figure 3.2.2.2c: Winnie Mandela Park (near Tembisa in the North-East of CoJ)
So u rce: M ap co m p ile d  by A E C O M  SA  (Pty) Ltd, se rv ice  la ye r cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, U SGS, A EX, G etm app ing, A ero g rid , IGN, IGP, sw isstopo, a n d  the G IS  U ser Com m unity.
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Geotechnical dolomite risk reports regarding the informal settlement of Thembelihle, in the formal 
suburb of Lenasia, was reviewed by Warwick and Roux (2004) to consider the potential upgrading of 
the settlement. Figure 3.2.2.2d shows Thembelihle in the centre of the map, located in a North- 
south configuration between the primary roads indicated in purple and towards the east of the M10. 
The Figure indicates some of the stands that form part of Lenasia, towards the far North-east corner 
and the South of the map. As can be seen, these two locations are in close proximity to each other. 
At the time, advisors and geotechnical engineers engaged the community in workshops where they 
were alerted to the risks related to and cautions that they should follow when living on dolomite. 
Although formal street layout plans are visible for Thembelihle, the dwellings remain informal, with 
residents not having access to the full extent of basic services that they request (CoJ, 2012). Service 
delivery protests are common in this community. Upgrading of this informal settlement is currently 
being considered (Nhlabathi and Xaba, 2015), with a proposal to reduce the coverage of the 
settlement and develop multi storey units to accommodate the residents on the area with lower 
dolomite hazard levels. This settlement is of interest as a sample site since it is surrounded by formal 
development, has a formal street pattern, but dwellings are informal in nature.
Figure 3.2.2.2d: Different settlement types in close proximity to one another: Thembelihle as an 
informal settlement, surrounded by the suburb of Lenasia (CoJ)
So u rce : M ap co m p ile d  by A E C O M  S>4 (P ty) Ltd, se rv ice  la ye r cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, USGS, A EX, G etm a p p in g , A ero g rid , IGN, IGP, sw isstopo, a n d  the G IS U ser Com m unity.
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Protea South, the case of which is covered in Chapter one, shows the informal settlement with 
minimal structure in stand layout (Figure 3.2.2.2e). As with Thembelihle, it is surrounded by formal 
suburbs and industries. This site is also of interest due to its ongoing engagement with the Court, 
resisting relocation.
Figure 3.2.2.2e: Regional view of Protea South (in Soweto, CoJ)
Source: Map compiled byAECOM SA (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Goudrand East (Figure 3.2.2.2f) was selected to be part of the research sample sites since it displays 
a formally developed area with a long history of inhabitance. In particular I visited a small area 
(similar to a "complex" but without entry and exit gates or a name) where approximately 18 dwelling 
units have been built on shared foundations. These dwellings are bank-guaranteed and privately 
owned residences, originating from a need for housing for workers in the mine industry. Its exact 
date of origin could not be establish, but based on the architecture and design is expected to have 
been developed around the 1970s.
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Figure 3.2.2.2f: Goudrand East (Mogale City)
Source: Map compiled by AECOM 54 (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 3.2.2.2g: Kagiso/Goudrand West (Mogale City)
So u rce : M ap co m p ile d  by A E C O M  SA  (P ty) Ltd, se rv ice  la ye r cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, USGS, A EX, G etm app ing, A ero g rid , IGN, IGP, sw issto p o , a n d  the G IS  U ser Com m unity.
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In the area known as Goudrand West, Kagiso, in Mogale City towards the West of CoJ, there are a 
number of RDP-type developments along the southern side of Randfontein Road (the R41) (Figure 
3.2.2.2g). The history of establishment of the area could not be confimred. However, discussions 
with residents confirmed their RDP origin after 1994. The dwellings are somewhat smaller than 
average RDP-size houses, with stand-level basic services provision.
Figure 3.2.2.2h: Kagiso (Mogale City)
Source: Map compiled by AECOM SA (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Kagiso (Figure 3.2.2.2h) is largely developed on dolomite and represent a range of formal and 
informal dwelling construction, with backyard dwelling construction. The settlement was selected as 
sample area due to the large area that it covers, with emerging backyard dwelling construction.
Vosloorus (Figure 3.2.2.2i) was selected as a research sample site in EMM since it has a history of 
development on dolomite. For over two decades, formal as well as informal settlements formed part 
of this urban landscape. Similar in characteristics as Kagiso, but in the same Municipality as where 
Bapsfontein is located, EMM has identified a number of dwelling and construction options suitable 
for development on dolomitic ground. One of the particular wins in regards to dwelling densification 
on dolomite is in Extension 28, where multi storey dwellings are proposed.
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Figure 3.2.2.2i: Vosloorus Extension 3 (in EMM)
Source: Map compiled by AECOM SA (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Hard copies of the field observation forms were taken on site visits. A site map for each selected 
settlement was used during the site assessment, depicting aerial photography or satellite imagery 
(whichever was available at the smallest scale at the time of the field visit being done). Site visits 
included activities such as:
• logging GPS coordinates of each site to confirm its location;
• doing visual observation;
• completion of the field assessment form; and
• discussion with the knowledgeable person or specialist when present. These discussions 
focussed specifically on settlement characteristics, dolomite risk concerns and potential for 
assessment and reduction of settlement vulnerability.
In this study, settlement density considers the spaces between dwellings, regardless of occupancy 
and formal or informal road or pathway existence, or the presence of servitudes. Dwelling refers to 
the unit of residence (excluding outbuildings, lapas (roofed recreation areas), sanitation amenities 
and/or cooking facilities). Where backyard dwellings exist, such buildings were treated as individual 
dwelling units, where it could be distinguished. I recognise that it may not always be possible to 
distinguish the difference between outbuildings used as residential units versus those used for
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storage purposes or as garages without detailed individual stand investigations. Where such features 
were identified using spatial data, the real-world situations were verified by means of multiple 
random street-view spot-checks in the selected areas, to provide an overview of the general 
characteristics of the built structures in the specific settlement. The density classification for 
settlement types for purposes of this study was established by considering the average distances 
between units in metres, across a roughly square 250m2 area in the settlements, in areas where it 
was possible to identify relatively uniform spatial layouts.
After completion of the field visits, the information collected from the sample sites was compared 
and common characteristics in relation to settlement vulnerability on dolomitic ground identified. 
The dwelling density, building material use and layout types was also considered. The analysis and 
characterisation enabled the categorisation of low-income settlement types for the research analysis 
phase into ten distinct types. The ten settlement types defined in this manner and the list of 
recorded characteristics that lead to the identification of key parameters are applied in AHP 
assessment of Phase 3. In addition to the fieldwork that is directly related to the research and 
analyses, I immersed myself in the challenges related to living on dolomite. I engaged as both a 
tenant and an owner, with residential dwellings located in a relatively low-income area in Centurion, 
Gauteng. Details of the engagement are presented in Appendix J.
3.2.3 Phase 3: Analysis and research finalisation 
Initial assessment method
"Vulnerability curves relate the probability of exceedance of multiple damage states 
to a parameter of ground motion severity..."
Rossetto and Elnashai (2003: 1241).
There is close correlation between landslide, hydrology, tectonic and karst disaster risk in terms of 
the implications that it has for land-use planning and building construction, as highlighted by Festa, 
Fiore, Miccoli, Parise and Spalluto (2015) and Prenger-Berninghoff and Greiving (2015). The 
interactions between, for example, hydrological regimes and landslide occurrences in densely 
populated areas (Sabatino, Bambina and Monteleone, 2015), and building stability in terms of 
ground movement (whether due to karstic, landslide or seismic displacement) lends itself to the 
development of graphic representations of vulnerability based on risk or severity, physical building
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type and hazard levels. During development of the research proposal in 2010, I envisaged the 
development of a vulnerability curve or matrix that could identify low-income settlement type in 
relation to physical vulnerability to dolomite hazards. This initial idea was based on studies from the 
fields of geology and engineering in relation to seismic and landslide risk in particular.
Research that interrogates seismic and landslide events in relation to damage to buildings, 
presented in the form of vulnerability curves, abound. Examples reviewed during the course of this 
research included those of Glade, Anderson and Crazier (2005), Uzielli et at. (2008) and 
Huggenberger and Epting (2011). Vulnerability curves can be classified into four groups, namely 
empirical, judgemental, analytical and a hybrid of any of these (Rossetto and Elnashai, 2003). Key 
features used to determine disaster risk with these curves include the reliability of the prediction, 
descriptions of structures, damage measurement methods and surface stability or ground motion 
parameters. The advantages and disadvantages of different vulnerability curve development 
methods are presented in Tables 3.2.3.1a and b, as well as brief reflection on the meaning thereof in 
terms of applying such assessment methods to the development-on-dolomite debate.
In particular, I was intrigued by Rossetto and Elnashai's review published in 2003 of vulnerability 
curves using observational data as the primary data source. They assessed seismic risk to buildings in 
predominantly urban areas and considered the feasibility of using observation-based data for 
developing homogenous vulnerability relationships for buildings with different reinforced concrete 
types, of different heights and different ages. Although they were challenged by poor availability of 
observational data they were still able to provide improved risk assessment scenarios. Based on the 
concepts that were applied in their study I considered the development of a physical vulnerability 
curve for a variety of low-income settlement types on dolomite. There are similarities between their 
study and mine with regard to elements that enable vulnerability assessment, namely:
• ground instability as the primary hazard; and
• buildings being constructed of different foundation types and from various materials.
I intended to apply a hybrid method to develop the vulnerability curve, involving the expert opinion 
of geotechnical engineers and specialists in the field of development on dolomite who were to 
comment on the applicability, weightings, rankings and placement of analytical parameters on the 
physical vulnerability curve.
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Table 3.2.3.1a: Features of vulnerability curves
Empirical Judgmental Analytical Hybrid
Observation-based: 
post-disaster spatial 
damage distribution. 
Empirical curves reflect 
real world scenarios 
after a disaster occurred, 
based on what can be 
deducted from the 
aftermath/outcome
Examples:
Onose (1982); 
Spence, Coburn and 
Pomonis. (1992); 
Orsini (1999); 
Yamazaki and Murao 
(2000)
Expert opinion: 
Expert panels of 
engineers with 
experience in the 
field are asked to 
make estimates of 
probable risk re: 
building types when 
exposed to different 
disaster intensity. 
Probability of risk is 
plotted against 
monitoring results
Examples:
ATC-13 (1985); ATC- 
40 (1996) at its 
basis
Statistical and 
numerical 
simulation using 
models of 
structures under 
increasing soil 
movement 
conditions
Examples:
Mainly applied in the 
USA
Mosalam, Ayala, White 
and Roth (1997); Singhal 
and Kiremidjian (1997); 
Priestley (1998);
Combination of any of 
the other three. 
Usually involve 
modification of 
Analytical data with 
Empirical or 
Judgemental data
Examples:
ATC-13 (1985); 
ATC-40 (1996), 
relying on expert 
opinion, with 
limited
incorporation of 
observational data
Advantages Disadvantages Advantages Disadvantages Advantages Disadvantages Advantages Disadvantages
Realistic: all practical 
details of the disaster 
are known, including 
soil-structure interaction 
effects, topography, site, 
path and source 
characteristics
Limitations related to 
realistic application: 
ground-motion 
damage relationships 
are typically based 
on limited number of 
damage surveys 
carried out for single 
locations or events
Do not have the 
same data quality 
and quantity 
disadvantages as 
Empirical curves
Uncertainty 
abounds and 
reliability is 
questionable due to 
dependence on the 
individual 
experience of 
experts consulted
Reduced bias and 
increased 
reliability of 
vulnerability 
estimates for 
different 
structures than 
when applying 
expert opinion
Few curves have been 
generated to date due to 
the substantial 
computational effort 
involved and limitations 
in modelling capabilities 
(e.g. software need to be 
adapted to conditions 
which differs worldwide)
Compensate for 
scarcity of 
observational data, 
subjectivity of expert 
judgement and 
modelling deficiencies 
of analytical 
procedures by 
combining data from 
the different sources
High cost and high 
time requirement 
for full-scale 
testing
Predictive accuracy can 
be improved by 
consideration of a large 
number of buildings of 
similar construction, 
over areas of uniform 
geological conditions, in 
close proximity to 
motion recording or risk 
monitoring records
No distinction 
between building 
material, design or 
type; lack of 
calibration of 
vulnerability 
relationships
Experts being asked 
to consider risk for 
any number of 
structural types, the 
curve can easily 
include all the 
factors affecting the 
risk response of 
different structures
Differences of 
opinion between 
experts
Recently new 
techniques have 
been established 
that enable data 
generation for 
complex 
structures; thus 
becoming more 
attractive, 
efficient and easy 
to use
Architectural finishes 
cannot be accounted for
Small-scale testing 
is non-definitive
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Due to infrequency 
of disasters near 
densely populated 
areas the data used 
tend to be scarce 
and highly clustered
If structures are 
encountered that 
are not included in 
the curve, research 
has to be repeated 
for that specific 
(new) type
Elaborate soil/surface 
models cannot be 
accommodated 
alongside elaborate 
structural models
Very limited 
number of 
parameters can be 
investigated and 
parameter 
variations is not 
possible
Errors in building 
damage classification 
especially for lighter 
damage states is 
introduced due to 
the typically rapid 
execution of post­
disaster surveys by 
engineers of varied 
experience
It is practically 
impossible to 
evaluate the degree 
of conservatism 
associated with the 
source of 
information
Numerical collapse of 
buildings (in theory) may 
precede structural failure 
(in practice)
Experimental data 
is used for 
verification 
purposes rather 
than as an 
additional data 
source
Low refinement in 
terms of structure 
and damage 
classification poses a 
hindrance to 
combining data for 
different building 
types
Inherent in the 
expert
consideration is 
consideration of 
local structure 
types, typical 
configurations and 
materials; thus 
preclusion of 
unknown building 
types
Analysis method, 
structural idealisation 
and hazard levels 
strongly influence 
derived curves and lead 
to major discrepancies 
made by different 
authorities for the same 
location, structure type 
and risk
Inclusion of limited 
empirical or 
analytical data in 
judgemental 
curves will only 
cover a small range 
of ground motions, 
but have a 
significant effect 
on the
vulnerability plot, 
resulting in greater 
uncertainty
Source: Based on content in Rossetto and Elnashai (2003).
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Table 3.2.3.1b: Applicability of vulnerability curves to low-income settlement development on dolomite
Empirical Judgmental Analytical Hybrid
Highly specific to a particular geotechnical and 
built environment, per event, per location. 
High level of uncertainty when used in 
predictive curves
Significantly used for generation of risk 
probability matrixes and vulnerability 
curves worldwide
Dolomite-related curves of this nature are 
specific to scenarios analysed.
The consideration if multiple data sources 
is necessary for the correct determination 
of vulnerability curve reliability
Application can be expanded if wider range of 
structure types is considered and a larger 
quantity of ground motion conditions is 
included.
Limitations when experts disagree about 
levels of risk or applicability to structures
Low-income settlements are generally 
excluded or only included to limited extent
Time and financial constraints limit the 
application of this risk assessment method
Not significant data recorded per dolomite 
subsidence event (quick in-fill of small 
depressions; limited large scale in-depth post­
event investigations)
Lack of inclusion of low-income 
settlement types in current dolomite- 
related building guidelines
Dolomite hazard zones may differ 
significantly across a relatively small 
geographical expanse, making linear and 
homogenised modelling difficult to apply
Even though data may be scarce in some 
areas and for some parameters, the 
inclusion of multiple data sources and 
processes of risk assessment make this 
method suited to the development on 
dolomite debate
Source: Adapted and interpreted from Rossetto and Elnashai (2003).
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Pre-feasibility investigation field visits and discussions with specialists during my research indicated 
that informal dwellings and settlements where backyard dwellings are present but where wet 
services infrastructure is not, may be exposed to lower levels of dolomite risk than areas where such 
infrastructure is poorly designed, incorrectly installed or not well-maintained. Most of the specialists 
commented that where lack of community awareness and engagement is prevalent regarding 
potentially dangerous living environments, disaster risk is higher than where resident behaviour is 
geared toward DRR.
Using the information gathered via interactions during Phase 1 and the early part of Phase 2 ,1 
developed spreadsheets and drafted graphs that presented the likely placement of potential 
identified low-income settlement types on a curve. The graphs reflected potential levels of physical 
settlement vulnerability, manageability and capacity for DRR. The graphs were developed as line and 
scatter diagrams, the visualisation of which was based on the hypothesis that it would indeed be 
possible to have the data verified by geotechnical engineers and experts.
Challenges in applying the initial envisaged method
Although some specialists were keen to consider alternative options and behavioural interventions 
related to low-income settlement development and upgrading on dolomite, their apprehension 
towards engagement related to professional indemnity and the need to remain anonymous. As 
opposed to group-engagement during earlier activities in the research, they perceived their 
involvement on an individual level, with responses directly linked to them as expert individual, risky 
due to potential liability arising from their professional capacity.
As the engagement progressed, I found it increasingly difficult to derive comment or get weighted or 
ranked inputs from specialists. I contacted 36 specialists (Appendix H), 13 of whom agreed to 
consider engagement in the research.
The 36 specialists were purposefully selected from the November 2011 GCRO workshop attendance 
list based on their areas of expertise. Between 2011 and 2014 I made contact with additional 
geotechnical experts with regard to my research, some of who were also included in the purposeful 
selection process. The selection of participants was based on the following criteria:
• availability;
• ability to contact the individual (for example if contact details have changed and the 
individual could not be traced since 2011);
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• area of expertise being directly aligned with the research topic (for example administrative 
staff were excluded during the selection process); and
• based on their level of expertise known in the industry and/or displayed during the 
workshop in 2011 and/or subsequently; and
• publication of articles or reports related to the research topic, attributed to them.
They were contacted via e-mail, which was followed up with a courtesy phone call where possible 
(i.e. where their contact details allowed it), to partake in the research. Once the details of the 
engagement became clear and the participants who indicated their availability at the time realised 
the potential significance and potential repercussions of their inputs, only two accepted 
participation. Those who provided reason for declining their participation unanimously cited as 
primary reason that their professional standing might be in jeopardy if they comment on aspects of 
development on dolomite that does not necessarily conform to mainstream philosophies and 
development guidelines at the time. Consequently, the draft vulnerability graphs remained 
unverified. As a result another method of capturing expert positions on the physical vulnerability of 
low-income human settlements on dolomite had to be considered, which would eliminate the 
potential for inputs to be traced to particular individuals. Finally, a Multiple-Criteria Assessment 
(MCA) survey and analysis method, namely the Analytic Hierarchy Process (AHP) (Saaty, 1970 to
2013) was applied which allowed multiple specialists to engage meaningfully in the study while not 
being identified or linked to responses in their individual capacity. Literature pertaining MCA and 
AHP is explored in Section 3.3.
Selected alternative method and analysis
After consideration of alternative methods of research results assessment, the AHP was selected as 
the preferred data analysis method. The application of AHP enabled acceptability for specialists to 
engage in the research since there is no way in which their involvement or answers could be traced -  
AHP ensures anonymity. In addition, the repeated weighting between several criteria meant that 
they did not have to give a clear and disputable response to any one criterion. Both these factors 
promoted expert participation.
The analysis method was finalised in November 2012 after discussion with academics at the 
International Institute for Geo-information Science and Earth Observation, University ofTwente (ITC, 
Netherlands) and the Leibniz Institute of Ecological and Regional Development (Dresden, Germany). 
Their input and a subsequent literature review of MCA and AHP resulted in the selection of AHP as
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the data analysis method for my research. By applying the AHP, the unique characteristics of the 
method namely that inputs and comments from specialists are not attributable to an individual, 
became apparent. By providing anonymity of input, as well as consistency weighting and "balancing 
out" of significantly varying responses, the AHP provided the ability to complete the research 
objectives while maintaining confidentiality of the identity of specialists. After the method of data 
collection and analysis was changed, the questionnaire was sent to the same 36 specialists who was 
contacted earlier, 12 of whom agreed to participate. This was a marked improvement in the 
participation rate (from 2 out of 36, i.e. 5.5% to 12 out of 36, i.e. 33%).
The 36 specialists were once again contacted, again via e-mail which was again followed up with a 
courtesy phone call (where possible). The e-mails provided a short but detailed description of the 
research topic and research purpose, and requested confirmation from each selected participant to 
indicate their availability for partaking in the process. Once confirmation of availability for 
participation was received, I e-mailed the questionnaire (Appendix I) and associated documents 
(Appendix G) to them for completion as hard-copies. I also invited them to contact me should they 
have any queries. Four of the respondents requested in-person meetings where I verbally explained 
the AHP process and questionnaire details to them, whereafter they completed the questionnaire in 
their own time, digitally scanned the results and e-mailed it back to me. One respondent requested a 
verbal "question and answer" session where I asked each question posed in the AHP and the 
respondent provided the answer, which I subsequently recorded on the hard-copy questionnaire.
The AHP as a form of MCA base its evaluation and results on objective as well as subjective criteria, 
and include qualitative and quantitative elements. In addition, AHP is suited to investigate complex 
decision processes in which multiple variables are involved and where significant differences in 
opinion may exist in regards to the outcome of the research. The AHP method was therefore well- 
suited to be applied to my research. In addition to its suitability, a literature review of the AHP (as 
presented in Section 3.3.) indicates the applicability of AHP to a wide range of topics that intersects 
both physical and social sciences. It enabled my research to draw from technical as well as societal 
points of view to construct the new knowledge that my research set out to generate.
A questionnaire was developed to inform the AHP, based on the identified settlement types and the 
list of parameters resulting from Phases 1 and 2 of the research. Pilot testing of the questionnaire by 
three independent geotechnical specialists who were not involved in the final AHP assessment 
process assisted with its finalisation. The pilot testing indicated the increased willingness of 
professionals to engage in the process, as mentioned earlier.
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Based on the University of the Witwatersrand ethics clearance requirements, a Participant 
Information Sheet and Consent Form (Appendix G) were attached to the research survey 
questionnaire. The ethics clearance procedure is reflected on in Section 3.4. The questionnaire 
(Appendix I) was submitted for completion to 36 specialists (Appendix H) who were at the time 
actively involved in the field of settlement development and upgrading on dolomite. Of the 36, eight 
respondents (22%) completed and returned the questionnaires with sufficient detail so that the 
information could be used in the AHP process. Although an additional four (11%) of the 
questionnaires were returned, they could not be used effectively since some information was not 
complete and would have rendered the analysis inconclusive. These four were rejected and excluded 
from the AHP analysis.
Of the eight respondents whose completed questionnaires were used, five are geotechnical 
engineers, one is an engineer, one is an environmental scientist and, one is a city development 
official. In order for their identities to remain protected no more detailed information can be 
provided in this regard. The data collected via the questionnaires was entered into AHP software to 
assist with the data management and statistical analysis process (Easton, 2014).
Analysis outcome and discussion
After collecting and selecting the eight usable questionnaires, the data was captured using software 
specifically designed to conduct AHP analysis effectively and efficiently. The data capture took time 
due to the significant amount of detail involved and the need to cross-check that all the figures were 
captured accurately from the hard copy questionnaires into digital format. The statistical analysis 
was done using the tools and graphics that are available as part of the AHP software. Thereafter the 
results were compiled, critically analysed and evaluated. The results and interpretations are 
presented in Chapter five, while a discussion of the significance of the research is provided in 
Chapter six.
3.3 Multi Criteria Analysis using Analytical Hierarchy Process
3.3.1 What is the Analytical Hierarchy Process
As alluded to in Chapter one and Section 3.2, the AHP, as a form of MCA, was selected to apply to 
analyse the data collected during my research. AHP is one of the most widely used multiple criteria 
decision making tools worldwide (Vaidya and Kumar, 2006), with some of the applications 
elaborated on below. Elected as the preferred method to evaluate the alternatives that exist within
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the scope of this research, its original invention and further development by Thomas Saaty (1970 to 
2013) has proven itself significantly useful when used in researching answers to complex questions, 
by decision makers and researchers alike (Vaidya and Kumar, 2006). The method lends itself in 
particular to assist in problems associated with multiple criteria decision making variables and 
problems that:
• Contain quantitative and well as qualitative elements (Wedley, 1990; Vaidya and Kumar, 
2006);
• Consider subjective and objective evaluation measures, thereby reducing bias in decision 
making (Kasperczyk and Knickel, 2005);
• Have complex and diverse objectives and is useful in solving very complex decisions 
(Triantaphyllou and Mann, 1995; Dalalah, Al-Oqla and Hayajneh, 2010; Haas and Meixner, 
n.d.);
• Consider complex technological specifications (ibid.);
• Should resolve conflict (Vaidya and Kumar, 2006) and characterise disputes that involve 
different stakeholders (groups or individuals), where even individuals within groups may 
differ in opinion, perception or assessment of a given situation (Ramanathan, 2001); and
• Have to be understood by various persons, including people without any technical 
knowledge regarding the subject (Triantaphyllou and Mann, 1995).
My research conforms to all these criteria, making it suitable to assess the research problem.
Research problems that use AHP to consider a direction or options for actions traverse a range of 
disciplines (Forman and Gass, 1999) such as cost-benefit analyses, planning and development 
allocation, vendor or project delivery selection, site selection, and priority or ranking decision 
making. In addition, AHP has proven itself effective in environments such as manufacturing (AN, 
2012), planning, social, personal, education, management, industry, transport, engineering, 
government, political (Drake, 1998; Kasperczyk and Knickel, 2005, Vaidya and Kumar, 2006), 
marketing and policy formulation (Haas and Meixner, n.d.). AHP is deemed so effective that it is used 
for decision making by institutions such as the Inter-American Development Bank, IBM, 3M,
Rockwell International, Xerox, the U.S. Navy Submarines Office and NASA (Forman and Gass, 1999).
In the case of NASA, AHP was for example used to recommend a power source for the first lunar 
outpost and in the selection of the Lunar Lander Propulsion System) (ibid.). The method is especially 
effective in helping authorities prioritise planning and can help in allocating available budget for 
mitigating adverse impacts of certain developments (Ramanathan, 2001). Although the use of AHP 
was limited in developing countries and contexts in past decades, there is a rising trend to consider
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its application in these environments (ibid.; Grimble and Chan, 1995). With software becoming more 
readily available to analyse data using AHP, the application of the method in real-life situations is 
consistently increasing (ibid.).
AHP consists of the identification of alternatives and criteria and sub-criteria with each compared to 
the others in terms of their importance towards answering the research question. The method 
allows for calibration of the measurement of quantitative and qualitative differences between 
criteria and sub-criteria and enables conflict resolution and optimisation of results between 
potentially very different opinions from respondents. Thus, group consensus is possible even in 
cases where respondents provide vastly differing responses (Forman and Gass, 1999). Not all criteria 
may necessarily have sub-criteria associated to analyse.
3.3.2 Critiques of the AHP
The AHP method can be considered a "complete aggregation method of the additive type" 
(Kasperczyk and Knickel, 2005), the problem being that compensation between good scores on some 
criteria and bad scores on other may result. This means that through the AHP calibration process the 
level of severity of some outlying criteria may be unintentionally reduced. In addition, if 
inconsistencies are discussed during review of the values via stakeholder engagement or group 
discussion, it is possible that values may be swayed based on participant attitude or the ability of 
participants to convince others of a given value or level of severity. Such compensation may cause 
information to be lost (ibid).
Another critique of the AHP approach is that it may become a lengthy and resource-consuming task 
(Macharis, Springael, de Brucker and Verbeke, 2004), thus discouraging respondents from engaging. 
In the past, researchers overcame this challenge through the use of reduced scales (using two-point 
scales as opposed to nine-point scales) (Hajkowicz, McDonald and Smith, 2000), thus relieving 
decision maker time constraints. However, this reduced solution raises a concern of being unable to 
distinguish against significant differences in levels of severity. Even the use of a nine-point direct 
rating scale to weigh criteria might be deemed too little to distinguish among all the possible options 
(for example, where one alternative is for instance considered 30 times more important than 
another, as opposed to only '9') (Murphy, 1993; Belton, 1986).
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Selected elements of the AHP remains critiqued, for example by Saaty himself (1980), Belton and 
Gear (1983), Harker and Vargas (1987), Dyer (1990a, b), Triantaphyllou and Mann (1995), 
Ramanathan (2001), and Triantaphyllou (2001). However, the proven value of AHP far outweighs the 
limitations when applying it to complex multi-criteria decision making (Kasperczyk and Knickel,
2005).
3.3.3 Considering the critiques of the AHP in relation to the research topic
A consideration when applying the AHP to the development-on-dolomite debate revolved around 
whether to conduct the participant engagement in the form of a workshop. Considering the 
expected sensitivity of participant involvement and attitudes a group review was not included as 
part of the process.
The AHP questionnaire used in this research is indeed a lengthy one, requiring significant time and 
concentration from respondents. In part, the reason for the complexity is due to my selection of a 
nine-point scale as opposed to reducing the scale. The large number of pairwise comparisons that 
was required during completion of my research questionnaires lead to some respondents indicating 
their non-participation due to the time it would have taken them to complete the questionnaire.
Regardless of the critiques, AHP remains well suited for the consideration of the debate of low- 
income settlements on dolomite due to the multi-disciplinary nature of the debate. In addition, the 
use of AHP overcomes the challenge to engage individual specialists in the research survey in a 
manner in which may identify them individually. The critiques of AHP discussed in Section 3.3.2 
means that its applicability is suited to the low-income settlement on dolomite debate as an initial 
indication of possibilities for development and upgrading of such settlements and not as a final 
means of identifying fatal flaws that may exist at specific geographical locations or within individual 
settlements.
3.3.4 Steps in the AHP
Steps involved in the AHP include (Saaty, 1990b; Kasperczyk and Knickel, 2005; Vaidya and Kumar, 
2006; Dalalah etal., 2010):
a. Stating the goal, problem or decision to be made (in this case: considering suitability 
levels of settlement types in relation to dolomitic ground);
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b. State the objectives and consider actors/participants, objectives and outcome (as has 
been done up to this point in the research);
c. Identify criteria that influence the behaviour of the outcome;
d. Structure the problem and its components in a hierarchy of levels that include the goal, 
criteria and alternatives (this can be presented similar to the veins in a leaf);
e. Compare each element in the corresponding level and calibrate them on a numerical 
scale of (in the case of this research) one (1) to nine (9), to indicate relative rankings or 
weights. The result is prioritisation of the criteria engaged in the decision. This is done via 
pairwise comparison (this research engages specialist experts who are considered 
knowledgeable in the topic of the research, to achieve a normalised result);
f. Where applicable, do a relative evaluation through the use of direct ratings of the options 
within criteria or sub-criteria (using scoring, again using a scale of 1 - 9);
g. Analyse the resultant numerical outcome in relation to each other and make a final 
decision or propose a given course of action. Such action may include additional research 
or investigation if there is a large discrepancy between answers provided by different 
respondents.
The scores obtained via AHP yield a composite result for each possible choice at every 'leaf' in the 
hierarchy (Dalalah et al., 2010).
AHP provides a logical framework to determine different levels of benefits that dissimilar 
alternatives may hold (Haas and Meixner, n.d.). Although cost could be included as a variable, Haas 
and Meixner suggest that it be set aside until the evaluation of benefits of the alternatives have 
been completed (ibid.). If cost elements are included in the AHP it could result in political and 
emotional responses being included in the judgement (ibid.), thus causing inconsistencies in the 
outcome. In addition, the significant positive benefits of an approach or implementation may be 
obscured by the cost, thus eliminating that option from consideration simply because it is deemed 
too costly from the onset. It is best to handle benefits and costs in a post-AHP process where the 
benefits and costs of alternatives are considered or where the financial evaluation is undertaken 
separately and only afterwards combined with the results (ibid.).
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In its simplest form, the AHP structure consists of a goal, objectives or main criteria, and elements, 
sub-criteria or alternatives (Dalalah et ai, 2010). During AHP, parameters are compared to each 
other across all levels of the grid, and levels may differ in depth within "leafs" of the grid. The 
comparison can be done directly (determining from a list of parameters an absolute priority 
ranking), or by using what is referred to as pairwise comparison (where sets of two parameters are 
considered against each other). The nature and hierarchy of parameters determine whether direct 
or pairwise comparison is used. Figure 3.3.5 provides a graphic presentation of the hierarchy and 
comparison process.
3.3.5 AHP Comparison and rating scales
The AHP hierarchy
Figure 3.3.5: AHP hierarchy of goals, objectives and alternatives
Source: Adapted from Saaty (1990a: 14).
Over the years, the AHP 'scale of importance' (Dalalah et al., 2010), or 'fundamental scale' (Saaty, 
1990a) has been presented differently in research; however, they all relate the outcome as a scale of 
intensity. The numeric scale of 1 to 9 is used most often, as well as an associated linguistic scale 
denoting the definition or relative importance, presented in Tables 3.3.5.1 and 3.3.5.2.
Direct rating
Direct rating enables respondents to select a rank for each of the options within an objective or 
criteria, by allowing the allocation of a number between 1 and 9 to the sub-criteria available and 
being assessed. Although the numbers indicated in the table are most often used, any number in-
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between (for example 2, 4, 6, 8) can also be allocated. The higher the ranking, the more critical the 
element is to control or the worse the situation is in relation to the risk. The scales of intensity range 
as presented in Table 3.3.5.1.
Table 3.3.5.1: Impact intensity direct rating nine-level scale used in AHP
Numeric scale Impact rating description (impact on the resultant risk)
1 Low impact/severity (for example, if an intervention or situation is considered desired, this 
rating is applied)
3 Slight impact
5 Medium impact
7 High impact
9 Very high impact/severity (for example if an intervention is undesired or if a situation leads to 
severe risk, this rating is applied)
2,4,6,8 can be used to express intermediate values
Source: Saaty (1990a).
Pairwise comparison
Pairwise comparison allows each respondent to systematically rate every criterion against each of 
the other criteria (for example, which one is more important than another, from pairs of two 
parameters at a time) and indicate by how much the significance of the difference between the two 
is. The significance of the importance of one criterion over another is indicated using a scale of 1 to 9 
(Table 3.3.5.2), where one is the least significant difference, and nine being most significant 
difference between the two. There has to be consistency between the resultant values, for example: 
if element A is more important than 5, and C is more important than B, then C cannot be more 
important than A (ibid.). If for example the calculation that follows considers that if criteria A is nine 
times more important than criteria B, and criteria C is five times more important than A, they will 
eventually be ranked in order of importance with C being most important, then A, and B as least 
important. Each criterion will be associated with a numeric value indicating the relative importance 
of one against the other (ibid.).
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Table 3.3.5.2: Pairwise comparison nine-level scale used in AHP
Intensity of importance Definition Explanation
1 Equal risk
Two elements contribute equally to the objective. Here, it 
does not matter when completing the questionnaire, if one 
criteria is more or less important than the other. Thus, A: B1 
and B: A1 would result in the same weighting for both 
criteria.
3 Slightly more risky
Experience and judgment slightly favour one element over 
another. Thus A: B3 means that criteria B is considered 
slightly more important in its attribution to risk than criteria 
A.
5 Somewhat more risky
Experience and judgment strongly favour one element over 
another.
7 Strongly more risky
One element is favoured very strongly over another, it 
dominance is demonstrated in practice.
9 Exceedingly more risky The evidence favouring one element over another is of the highest possible order of affirmation.
2,4,6,8 can be used to express intermediate values for elements
Source: Sooty (1990a).
Calculation and outcome
Once the rating and comparison of criteria and sub-criteria or objectives and alternatives is 
complete, calculations are performed, usually using software that automates the process, to find the 
maximum Eigen value, consistency index (Cl), consistency ratio (CR), and normalised values for each 
criterion or alternative. The result is an overall relative score for each option or decision. The Eigen 
value is a numerical count that is derived from multiple iterations of calculations within the AHP: 
although this can be derived manually, supporting software that is available commercially, for 
example llwis™ and ExpertChoice™, makes the process easier. In the case of my research, these 
values were calculated using PC-based software called MakeltRational™, a product of the 
ExpertChoice™ range.
If the maximum Eigen value, Cl and CR are satisfactory (generally below 0.1), the result is considered 
reasonably consistent and an outcome can be presented and a decision made based on these 
normalised values. If the maximum Eigen value is not satisfactory (usually above 0.1), the procedure 
of comparison is repeated (using tools available in the software for this purpose) until these values 
lie in a desired range.
Once the data is captured into MakeltRational software and normalised, statistical analysis is instant 
and the software presents tabular and graphed outcomes for each individual's response, as well as a 
combined output. The tables and graphs contain the same information and therefore one or the
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other can be used for interpretation purposes. The graphs can be copied and pasted into other 
documents, and is subsequently analysed. Unfortunately, the graphic visuals cannot be edited and 
therefore the colours and legend descriptors cannot be customised. The graphs produced during my 
research were copied and pasted exactly as produced by the software, without any editing or post­
graphic touch-up.
The graphic outputs enable different levels of evaluation. First, the individual responses can be 
considered based on how each respondent contemplates parameters to differ in importance from 
one another with regard to its contribution to a settlements' physical vulnerability. Thereafter, the 
respondent's singular responses can be compared to each other. During the discussion, the 
comparison of individual responses highlights differences in opinions even where respondents have 
the same academic training, are applying the same standards and guidelines, or are considered to 
have the same geotechnical knowledge related to dolomite. The considerable differences at an 
individual level reflect the severity of the debate that prevails regarding low-income development 
and upgrading on dolomite. Finally, the combined outcome of the integrated responses are 
presented and discussed, including implication of the overall results in respect of the aim of the 
study.
3.4 Research limitations and their impact on the outcome of the study
As described earlier, an unintended limitation of the research method was that direct input from 
geotechnical specialists could not be gained as originally anticipated to develop a vulnerability curve 
for low-income settlements on dolomite. This limitation also exists in terms of environmental legal 
considerations, where South African specialists are usually reluctant to testify to specific 
environmental conditions or the implications of developments in terms of socio-environmental 
constraints, due to fear of their engagement affecting their professional standing and possibilities for 
future work in their respective fields (Snyman, personal communication, 2015).
Instead, the research method had to be changed and a new method to collect and analyse the data 
had to be found. The change-over as well as search for and procurement of software added at least 
seven months to the research time frame. However, the result provided a positive outcome: not 
only was a new method selected and applied, but the conundrum of differences of opinion and the 
level of sensitivity of the development-on-dolomite could be further explored during the research 
process.
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Although not affecting the research outcome directly, a specific observation during the course of 
engagement with specialists across disciplines was that experts in even closely related practice areas 
view low-income settlement development and upgrading on dolomite differently. The differences in 
viewpoints result in contradictions in approaches between housing officials, disaster managers, 
socio-environmental practitioners, engineers and geologists. Even small approach differences have 
been shown to have significant effects on the practicalities surrounding decision making related to 
low-income settlements and especially informal settlement relocation or upgrading.
The challenges that I experienced during the course of my research with regard to the level of 
engagement and potential for pursuing the initial research data collection and analysis method, 
assisted in extending my research into new areas of statistical analysis. Before the research 
commenced, I was familiar with application and assessment methods used to develop vulnerability 
curves. However, I had no knowledge of the existence of and methodology involved in MCA: AHP. 
Thus, the limitation I faced during the course of the research in regarding pursuit of my initial ideas 
resulted in expanded knowledge regarding ways to consider multiple-criteria and statistically 
assisting complex decision making.
Beyond the limitation of the originally selected research method, the study results contain 
limitations related to theoretical and practical applications of my research. While my research is 
relevant to decision making in relation to settlement development on karst landscapes worldwide, it 
was only tested on sample settlements in Gauteng in South Africa and involving eight specialists in 
disciplines related to development on dolomite in this geographical context. Therefore, unmediated 
application to other areas on the globe is not possible. The study nevertheless draws attention to 
the applicability of the MCA AHP method as an effective way to collect and analyse data during 
complex geotechnical risk assessment processes where multiple role players and parameters are 
involved. Global applicability of my research extends to the exploration of multiple-disciplinary 
engagement when dealing with complex sets of parameters and stakeholders during decision 
making. Whereas existing research related to development on dolomite focuses to a large extent on 
single-modal disciplinary research primarily related to geological and geotechnical investigations, my 
study explores the potential to integrate geotechnical hazard assessment and engineering 
intervention with behavioural disaster risk reduction interventions.
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3.5 Ethical considerations
My research is based in part on information that was gained from specialists in the fields of geology, 
socio-environmental care, housing development and geotechnical engineering. As detailed in the 
method description of Phases 1 and 2, interactions with these specialists took place via individual 
discussions, workshops and meetings, and the completion of focussed AHP questionnaires. During 
the initial research design it was not apparent that the questionnaire would be sensitive to 
geotechnical experts and that their participation would be restrained. When I shifted the 
methodology, it became clear that the University required ethics clearance under its evolving 
research ethics framework. (The University has since changed its ethics policy to require all PhD 
candidates to submit applications for ethics clearance).
All activities during the research, even before ethics clearance was applied for, including but not 
limited to fieldwork, workshops, stakeholder engagements and interviews held, complied with the 
principles of the University of the Witwatersrand, Johannesburg, Code of Ethics. I applied for ethics 
clearance during the first quarter of 2013. The clearance was granted by mid-2013 (Appendix F). 
From then, the research continued via intensified individual engagement with selected specialists in 
the completion of the questionnaires, as described in Phase 2. The inclusion of the ethics clearance 
process and the resultant slight delay that the application process caused ultimately improved the 
research outcome: The delay increased the timelines of my research by allowing respondents to 
become more familiar with the latest SANS 1936 (SABS, 2012) standards for development on 
dolomite. Thus, when they completed the questionnaires the most recent approaches furnished the 
background to the answers provided.
As alluded to earlier in the discussion of Phase 2 of the method, confidentiality and anonymity 
emerged as a critical component to achieve the research objectives. I was aware of the debate 
surrounding low-income settlement development on dolomite based on the literature review and 
interactions with specialists early on in Phase 1 of the research. However, the intensity of the debate 
was not known to me. The level of intensity came to the fore as a critical factor influencing the 
success of the research, when data verification had to be done. By introducing confidentiality and 
anonymity in the data collection and verification process by means of the AHP, the research 
benefited significantly. At the same time, specialists involved were able to provide unencumbered 
input, thereby ensuring that their answers were unbiased and a reflection of their true consideration 
of the impact of different parameters on the vulnerability of low-income settlements on dolomite.
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3.6 Conclusion
Originally, I intended to complete this research over a maximum of three years. The time it took 
towards completion almost doubled after I faced realities that only became apparent when I 
implemented the intended method. Although the process was lengthy, the research had the 
unintended effect of deepening my understanding of the complexities of human interaction and 
application of technical knowledge in a much-contested legal and social environment. During the 
sample site visits I became further aware of the desperate situation in which some communities 
reside, not only in some cases lacking basic services, but knowingly or unknowingly living with 
natural hazard risks.
The result of the change in research method during the course of the study enabled the application 
of the AHP data collection and data analysis process which is relatively new to natural hazard, and 
especially karst, risk assessment and research. Chapters four and five hereafter present these results 
as they emerged from Phases 1 and 2 of the study. This enables integration of technical knowledge 
with behavioural considerations when living on dolomite, thus highlighting opportunities to bring 
technical and non-technically skilled stakeholders in the debate closer together.
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CHAPTER 4: CATEGORISING LOW-INCOME SETTLEMENTS AND IDENTIFYING
RESEARCH PARAMETERS
4.1 Introduction
4.1.1 Background
Chapter four explores the existing theoretical classification of settlement types in South Africa in 
relation to low-income settlements on dolomitic ground in Gauteng. The existence of and challenges 
related to limited nuances in the classification of low-income settlements on dolomite is highlighted, 
whereafter dwelling characteristics encountered during the course of the research is presented. 
Based on sample site visits, the variations in low-income settlement types in regards to density, 
construction materials and the existence of backyard dwellings are described. During sample site 
visits, a number of challenges also were identified that are directly related to the construction of wet 
services on dolomitic ground: these challenges are presented and described.
Section 4.3 considers the grouping of low-income settlements on dolomite in and around Gauteng 
based on the literature review and sample site visits. The section describes the characteristics of 
these settlements in regards to dwelling materials, dwelling size, open spaces in-between dwellings 
and provision of wet services. The process culminates in six main settlement types, of which four are 
sub-divided, totalling ten settlement types for the purpose of this research. The types are visually 
presented, showing hypothetical arrangements of the characteristics associated with each type. The 
sample settlement types are then considered in terms of the diagrams and type characteristics, 
considering the applicability of the settlement types to real-world examples, including consideration 
of overlap between types. Finally, the parameters that influence physical settlement vulnerability on 
dolomite are explored and elaborated on based on its selection for inclusion in the research 
questionnaire and AHP analysis.
4.1.2 Long term development trajectories of state-subsidised low cost housing 
projects
Subsidised low cost housing development (which South African policy calls "social housing") often 
see large numbers of dwelling units constructed in a relatively short period of time. Each settlement 
(conventionally in South Africa referred to as 'Reconstruction and Development Programme (RDP)
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settlements', stemming from the 1994 election manifesto of the African National Congress (ANC) 
and a name short-lived in the Office of the Presidency between 1994 and 1996) is individually 
planned and submitted for approval based on, among others, geotechnical and legal feasibility.
There is no standardised type applied throughout South Africa, and developers each have their own 
design or a limited number of designs for low-cost dwellings. However, due to the vast spatial 
expanse of most low-cost housing developments, the housing tends to be standardised in the sense 
that developers often use one house design for an entire settlement. The result is settlement layouts 
that, although conforming to building regulations and development application requirements, look 
the same with regard to dwelling form and layout.
Due to the spatial expanse that these development formats require and the need for acceptability of 
ground surface engineering conditions, many areas that could potentially be utilised for low-income 
housing are not selected for this purpose (Huchzermeyer, personal communication, 2015). Instead, 
alternative more 'suitable' land is selected where the same surface-based constraints do not apply. 
Due to urban development pressure and a lack of available affordable land in large expanses inside 
or close to urban centres, many of the available areas are removed from urban development nodes. 
The result is an unsustainable method of implementation of low-income housing, producing 
sprawling urban suburbs where communities are physically removed from employment and other 
opportunities that can improve their lives.
Historically a few low-income developments were placed on dolomite, for example parts of Lenasia 
and sections of Winnie Mandela Park. There is also increasing consideration of RDP settlement 
development on dolomite where land is available and suitable based on dolomite hazard zoning, for 
example in Khutsong, near Carletonville. Even in such formally developed low-income settlements 
and where geotechnical building standards have been complied to, informality often arises as 
residents construct backyard dwelling units, often out of impermanent materials, after the original 
formal development (Stoch, personal communication, 2012). This densification is taking place on 
potentially dangerous ground without formal development planning and approval processes being 
applied. The process intensifies a key dimension of the interrelationship between poverty and 
inequality due to locational disadvantage. The situation creates settlements that are often far 
removed from economic opportunities
In the case of informal settlements, a further compromise emerge in the health and safety element, 
where poor communities often inhabit dwellings built on ground that may be unsuitable for
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increased density -  for example in floodplains, on dolomite, or where highly erodible soils or 
wetlands exist. These communities are burdened by locational disadvantage, low household 
incomes (StatsSA, 2011) that are exacerbated by the settlement locations, and exposure to hazards 
resulting from their living on potentially dangerous ground (Stoch, personal communication, 2012).
In these conditions, even where the ground that dwellings are built on is not unsafe, households 
face constant uncertainty if not direct threat of eviction or relocation (Huchzermeyer, 2011a). Where 
such settlements are located on dolomite a further burden is added where, due to the unsuitability 
of the ground, basic wet infrastructure services delivery is highly contested. Then, threats of eviction 
or relocation are then often exaggerated through the ground condition debate.
Post-apartheid urban development has seen the development of subsidised housing primarily 
through the project-linked subsidy programme (referred to as 'RDP-housing' and later 'BNG 
housing'(Housing Development Agency (HDA), 2004). To a large extent these subsidy programmes 
adopted the model that 'apartheid era development' sites and services-projects piloted in the early 
1990s (Herve, 2009). The spatial patterns that were set historically sometimes continue to be 
followed (CSIR, 2012). This perpetuation exacerbates challenges that low-income residents face in 
regards to social segregation and disaster-related hazards (Stoch, personal communication, 2012). 
The circumstances that these communities face continue to relate to restricted access to sustainable 
living opportunities, socio-economic constraints and elevated disaster risk. Urban infilling with 
backyard dwellings often leads to the regression of formally developed areas into what may 
resemble informal settlements with inadequate service provision for the population density that it 
serves (Turok, 2015), thereby opposing the originally desired formalisation which public housing 
development programmes aim to achieve.
4.1.3 Attempts to classify settlement types
There are different ways in which to define settlements, based on their location, form and function. 
A human settlement is in its simplest form an organised grouping of human habitation (Boyd, n.a.).
In the context of my research, settlement type refers to categories at suburb-level or smaller sized 
areas of uniform dwelling types, characterised by combinations of materials and clustered in average 
densities. Methods to classify discrete and distinct categories of settlement types abound, with 
examples such as the Knowledge Factory (KF, n.d.) focusing their categorisation predominantly on 
financial value of individual units of dwelling structures. The CSIR refined their classification of 
settlement typologies over the past decade, using primarily spatially quantifiable methods (CSIR,
129
n.d.(a); CSIR, 2007; CSIR, 2009), with one of their recent publications providing a "quantitative and 
rational framework" for the provision of social facilities in various "levels" of settlements (CSIR,
2012: 4). The standards for development on dolomite (DPW, 2010; SABS, 2009, 2010 and 2012) does 
not follow these settlement type classifications since it focuses on smaller scale building clusters for 
suitability on dolomite land, as opposed to settlement types which may include more than one 
building type in a given geographical space. Although the dolomite classification provides clarity 
regarding the types of developments allowed on certain dolomite hazard zones, the categorisation 
does not consider the interaction of social facilities, public buildings and dwellings in a wider urban 
or suburban setting. Therefore, when entire settlements have to be developed or upgraded on 
dolomite, the inclusion of a combination of for example shops, residential area, parks and schools 
have to be carefully planned not only in regards to town planning layouts but also with consideration 
for the hazard zoning. The result is a fairly complex process that may compromise the provision of 
dwellings, amenities and facilities in some way or another.
In South Africa, when government departments or institutions classify settlements, the data sets 
that are used are (often exclusively) made up of spatial data. Data-driven settlement type 
identification methods using satellite imagery and remote sensing, with associated software that 
consider unique characteristics of land use and land cover patches, are not always replicable when 
compared to real-world scenarios (Busgeeth etal., 2008). The challenge regarding land use, zoning 
and land cover identification, and visual representation thereof, remain lively. As an example, the 
processes involved in the implementation of the new Spatial Planning and Land Use Management 
Act (SPLUMA) (Republic of South Africa, 2013b)_is the cause of many discussions, workshops and 
debates (DRDLR, 2016), with as yet no firm consensus regarding land cover definitions as yet. 
Procedurally and GIS generated patterns may reflect real-world settlement patterns, such as those 
presented by Glass etal. (2006), Mdakane, van den Bergh and Moodley (2014), and that which 
SPLUMA aims to implement. However, the reality of configurations based on elements such as 
density and clustering present constraints when applied to especially informal settlement types, 
such as those present in the far south-western corner of Protea South (visible in Figure 4.3.2c).
Vertical aerial views of settlement layouts do not usually consider variables such as construction 
materials (where informal settlements have predominantly informal structures but brick and mortar 
is also present), height of structures, and location or layout of wet services infrastructure. The 
boundaries that can be identified from an aerial perspective in informal settlements in particular is 
not ideally suited to settlement type recognition for determination of suitability on dolomite if not
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combined with site visits to confirm the mentioned characteristics. The building material and weight 
(usually related to height), foundation type and subsequent ability to withstand ground motion in 
the form of dolines or sinkholes, as well as wet services materials and condition is of significant 
importance when determining suitability on dolomite. The classification is even more difficult to do 
when settlement spatial patterns differ across small geographical areas, for example where 
settlements are part-formal, part-informal and a combination thereof due to backyard dwelling infill. 
During fieldwork, I often observed a combination of what can be considered as settlement types 
within a single suburb or small dwelling cluster.
Although difficult, it is possible for settlement types to change over time and for these changes to be 
tracked to some extent using aerial photography (Ahmad, 2013). Such changes in settlement types 
are especially prevalent in South Africa where, for example, dwellings could change from wooden to 
metal or brick and mortar, thereby transforming temporary dwellings over time into more 
permanent structures. In some cases informal settlements may be subject to what is referred to, as 
mentioned earlier, incremental or roll-over upgrading (Kornienko, 2013), thereby formalising both 
the basic municipal services as well as the dwellings. Entire settlements may also be relocated during 
formalisation, thereby changing the land use and land cover pattern of the larger area. In other 
instances, informal settlement upgrading may take place through provision of basic services only, 
without housing interventions by municipalities or their service providers. Where such upgrading 
takes place, residents may be prompted by their perceived security of tenure to change their 
dwelling from informally built out of largely non-durable materials (such as wood or metal sheets) 
into one made of brick and mortar.
Such changes as described above -  especially unapproved formalisation of informal dwellings take 
place on small scale on a daily basis and there is no quick way of translating these changes into 
information that can be used for spatial planning processes. The South African urban planning 
process usually covers a period of three to five years through the design and implementation of 
programmes such as Spatial Development Frameworks (SDF) and Integrated Development Plans 
(IDPs) (Ahmad, 2013). These plans consider spatial delineation of residential areas but cannot 
consider small-scale changes within individual settlements. Thus, a disjuncture could occur between 
what transpires in reality as opposed to what has been planned for a given area (ibid.). When low- 
income settlements are viewed from this formalised planning perspective, what may thus have been 
informally constructed dwellings made out of cardboard and metal sheets in one year, could very 
well be brick and mortar the next.
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The identification of settlement types for purposes of my research takes cognisance of the spatial 
dissolution of boundaries between settlement classes. While recognising that no two settlements 
are exactly alike and graphic depictions of layouts fall short of reality, my research ground-truthed 
settlement types that can be applied during a multi criteria analysis process of low-income 
settlements on dolomite in Gauteng. My research does not consider these types the only potential 
selections possible, nor the likelihood of a combination of types to be present in a given situation. 
Thus, this research provides a general classification of settlement type based on dwelling materials, 
open spaces between dwellings and wet services configurations as parameters to influence physical 
disaster vulnerability on dolomitic ground, and not quantification of geotechnical and structural 
components related to dolomite hazard zoning.
4.1.4 Classification challenges for low-income settlements on dolomite
In addition to the effects that geographic location has on human well-being in terms of economy and 
infrastructure, as stated in South Africa's National Development Plan (NCP, 2012), the location of 
settlements has a significant impact on people's environmental and subsequently their physical well­
being. When societies live on potentially dangerous ground, it directly affects their physical safety. 
Environmental hazards also indirectly affect their ability to overcome other related challenges that 
they may face in life, for example loss of income due to personal injury, or loss of possessions due to 
disaster. When disaster strikes, much-needed funds are channelled towards recovering from the 
situation, thereby challenging economic stability and mobility within family and community units. 
The dual contest of physical safety and social immobility, which compromised communities battle 
with, leads to reduced quality of life. My research of settlement types within the ambit of low- 
income settlements on dolomite seeks to add depth to understanding the complexity that surrounds 
human habitation on dangerous ground.
The Knowledge Faculty (KF) (KF, n.d.) is a private company in South Africa developing among others 
spatial products to assist investors in selection of properties. They designed "Cluster Plus" - a 
commercial product classifying settlement based on the financial/economic characteristics of 
dwellings. The classification relates well to dwelling form and function and reflects physical 
settlement characteristics effectively. The product also considers low-income settlement differences 
in much detail. Flowever, since it is a commercial venture, KF does not publish the method of 
analysis and differentiation, thus making it ineffective to apply to my research. Additional difficulties
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related to the identification of especially different types of informal dwellings, stem from features 
such as:
a) an inability to distinguish dwelling types using aerial photographs and satellite imagery, 
since roof areas for different types of dwellings may look similar, while the wet services, 
sanitation, foundations and walls may be constructed in entirely different ways and with 
different materials for individual units; and
b) where dwellings are located close together or against each other, it is not possible to 
distinguish the individual units or boundary walls.
Only field verification can confirm differences between settlement characteristics (Ahmad, 2013). 
This makes commercial investigation and classification time-consuming and costly, especially where 
large expanses of settlements are anatomised. As noted earlier, the danger that dolomite poses to 
development can be overcome in selected cases via the use of geotechnical interventions and by 
employing particular, often costly construction materials and methods. South African regulations 
and guidelines for building on dolomite are clear about the procedures that have to be followed 
(SABS, 2012) and even in cases where site investigation and available documentation may not be 
comprehensive (for example where formal development took place before the 1970s), a 
conservative approach is followed when constructing buildings on dolomitic ground (Kleynhans, 
personal communication, 2012; Grobler, personal communication, 2014; McLuckie, personal 
communication, 2015).
These guidelines and practices are often unknown and poorly understood by the populace who lives 
on dolomite. The result is that households may purchase properties, develop informal unapproved 
dwellings, or rent units, not aware that the ground may be unstable. In such cases, they may further 
unknowingly engage in behaviour that puts them at significant risk. Even well-educated citizens 
living on dolomitic ground in formally developed middle- and high-income residential areas often 
have little understanding of the disaster risk they are exposed to and that their wet services- and 
water-handling conduct may increase the risk for subsidence or sinkholes to occur. Even when 
residents are aware that they live on dolomite, they usually do not know what they can do to reduce 
the risk (Cowie, 2012), while the dolomite management programmes are operational only in large 
commercial developments (CoT, n.d.). In low-income settlements there is even less awareness of the 
dangers for housing development and wet services delivery and maintenance on dolomite. With 
dolomite in some areas in Gauteng hidden under the surface soils with little or no evidence visible 
above ground, convincing communities of the risks they face is a challenging task.
133
4.2 Low-income settlements on dolomite
4.2.1 Dwelling characteristics
As noted in Section 4.1, low-income settlements often lack boundaries between formality and 
informality of structures. Characteristics of these settlements that formed part of my research 
ranged from complete informality, without considering formally approved planning processes, 
architectural design or construction methods, to subsidised or bank-guaranteed (mortgaged) 
housing, and then with or without backyard dwellings.
The GCRO conducted a Quality of Life (QoL) Survey across the Gauteng City Region (GCR) (an area 
that includes the Gauteng Province and a number of immediately surrounding municipalities) in 
2011 that identified, among other variables, materials used in the construction of dwellings. The 
sample of 16 729 respondents indicated a considerable percentage of respondents (on average 
between 5 and 35% across municipalities) living in dwellings made of non-durable building material 
(Figure 4.2.1a). Such materials include wood, corrugated iron sheets and even cardboard and plastic 
sheeting. There was no differentiation between dwellings built from recycled or recovered brick 
versus 'new' bricks. The Figure shows the percentage of types of materials used to construct 
dwellings on the vertical axis, with colours on the top of the legend represented by colours on the 
top of the stack graphs, in the municipalities considered part of the GCR. Corrugated iron makes up a 
large percentage of the dwelling materials -  both for roofing and walls (almost 40% in Westonaria), 
with wood, and mud and cement mixtures also playing a notable role. I noted during sample site 
visits that the topmost material type in the graph, namely 'bricks with no plaster or internal 
covering' is present to a large extent in low-income and informal settlements where unapproved 
formalisation and backyard dwelling construction is prevalent.
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Figure 4.2.1a: Materials used for dwelling construction in the Gauteng City Region
Source: GCRO (2011c).
Based on the Knowledge Factory's classification, the most basic scenario of low-income settlements 
and informally built dwellings is that they house the poorest of the poor communities (K.F., n.d.). 
These settlements are constructed usually without permission to do so, on open ground -  such land 
usually being owned by the state or municipality and zoned for a purpose other than residential. A 
next tier of dwelling type may be constructed using informal and recycled building materials and 
construction methods, on ground allocated to the occupants by means of an informal lease or rental 
arrangement with the landowner. In this case, private landowners may make parcels of land 
available for informal settlement development for commercial gain. It is also common for informal 
dwellings to be managed by a "shack lord", who, without having a legal right to the land, rents out 
sub-standard or temporarily constructed dwelling units. In all these above-mentioned situations, 
whether via formal or informal commercial arrangement, the dwellings do not conform to building 
standards or guidelines and are constructed without approval or input from authorities or 
specialists, as is the case with formal residential township development and approved building 
alterations. Figures 4.2.1b and c show examples of informal dwellings, constructed from a variety of 
materials.
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Figure 4.2.1b: Informally constructed dwellings made of wood and metal sheeting (alongside N14)
Source: GCRO (2012b).
Figure 4.2.1c: The use of different materials in the construction of informal dwellings (Makause, in 
Germiston and Harry Gwala, in Watville respectively, both informal settlements in Ekurhuleni)
Source: Author's photographs (2013).
Basic services delivery to informally developed settlements may occur only after long processes of 
negotiation, often associated with violent protests or pursued through the courts, as in the cases of 
Mnisi and Nokotyana respectively (Mnisi v CoJ, 2014; Nokotyana v EMM, 2009). Through these 
actions, communities attempted to gain access to for example piped potable water, waste removal 
and sanitation. When installed, the services are often provided in the form of communal standpipes 
and temporary non-waterborne sanitation, either as chemical toilets, or sealed pits which require 
suction or emptying less often. The latter imply ongoing maintenance cost to municipalities. In these 
settlements, central high-masts provide public lighting. Where sanitation solutions are not sufficient 
in terms of numbers, or are rejected as in the case of chemical toilets in some areas in Ekurhuleni 
and the City of Cape Town, residents resort to self-dug unsealed pits. Such pits are often also used 
for grey water disposal or drainage. Such situations hold significant risk if it intersects with dolomite. 
Figures 4.2.Id and e shows examples of wet infrastructure, or lack thereof, in informal settings.
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Figure 4.2.1d: Water supply in the form of standpipes, commonly found in low-income settlements
(Makause, Germiston)
Source: Author's photograph (2013).
Figure 4.2.le: Sanitation infrastructure commonly found in informal settlements (Harry Gwala, 
Watville)
Source: Author's photographs (2013).
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Figure 4.2.If: Lack of stormwater infrastructure, common of informal settlements (Makause, 
Germiston)
Source: Author's photographs (2013).
In contrast to the materials used for informal dwelling construction, formal housing development 
employs approved building materials and techniques and the dwelling design conform to building 
regulations (Figure 4.2.1g).
Figure 4.2.lg: Typical freestanding low-income subsidy-funded housing (Goudrand/Kagiso, Mogale 
City)
S o u rce : G CRO  (2012b).
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Beneficiaries of subsidy-funded housing may remain in informal settlements while awaiting access to 
formal lodging. Alternatively, during this pro tem time, a stand or erf may be allocated to them in 
which case informality often emerges. Where stands are allocated and informal dwellings 
constructed, the informal dwellings in some cases remain after construction of the formal subsidised 
top structure. After construction of subsidy-funded housing, additional dwelling units may be 
constructed, thereby increasing the originally planned dwelling and occupation density of the area.
An example of such a situation is visible in Figure 4.2.1h, where subsidy-funded housing (an example 
is the light green house in the figure), four brick-and-mortar backyard units (under construction 
behind the light green house), and dwellings built from metal and wood sheeting (in the corner 
closest to the viewer) is visible, all constructed on a stand which was originally intended for one 
dwelling unit. Figure 4.2. li  shows an example of a mixture of construction materials and -methods 
on formally delineated stands.
Figure 4.2.lh: Formally constructed housing with informal backyard units (Winnie Mandela Park, 
Tembisa)
Source: GCRO (2012b).
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Figure 4.2.li: A mix of formal and informal dwellings on formally serviced sites (North of Tembisa, 
Olifantsfontein)
Source: GCRO (2012b).
The level of informality associated with the construction methods and materials, and the associated 
type or lack of wet infrastructure poses a potential threat when these forms of development 
intersect with dolomitic ground. Wet infrastructure service delivery to these units is either in the 
form of stand-piped water (i.e. a water tap every 100 to 200m), usually with no grey water drainage 
provided, and a combination of communal and individual sanitation. Where stand pipes and taps 
leak or where sanitation infrastructure is leaking or is inappropriate to development on dolomite, 
the dissolution of subsurface geologic strata may occur.
Where houses are individually owned and where basic wet service delivery takes place at stand or 
dwelling unit level, development on dolomite generally follows the necessary geotechnical 
investigation sequences, building guidelines and SABS requirements (SABS, 2012). Therefore, when 
dealing with the physical vulnerability of such settlements on dolomite, it is not the construction 
methods or materials, but rather the maintenance and after-care of the infrastructure that matters 
most. Such situations, where activities related to post-development risk detection, monitoring and 
reduction is lacking, leaks in wet-infrastructure left undetected and not repaired, pose a significant 
subsidence and sinkhole risk on dolomitic ground.
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The uppermost tier in the low-income range of settlements that I consider in my research is bank- 
guaranteed, privately funded and commercially constructed housing. This usually takes the form of 
fairly small (approximately 100 m2) dwelling units on separate stands, with shared foundations 
(Figure 4.2.1j), walk-up apartments (Figure 4.2.1k), blocks of flats, or otherwise associated or 
connected units in a sectional title or building association format. The latter types are often in the 
form of gated complexes or estates, meaning that some collective decision making on maintenance 
expenditure takes place. Such collective management approaches could have a positive impact on 
wet infrastructure maintenance regimes on dolomite if the members of the body corporates or 
associations involved are aware of and committed to structure and infrastructure risk reduction.
Figure 4.2.1j: Duplex sectional title units on dolomite (Lyttelton Manor Extension 3, Centurion)
Source: Author's photograph (2015).
Figure 4.2.1k: Triple-storey walk-up apartments (Roodepoort, Johannesburg)
Source: GCRO (2012b).
In the above-mentioned dwelling and settlement types, rules regarding occupancy, changes to 
building facades, and construction of structures on common property are strict, thereby ensuring a 
high level of formality associated with such developments. Since awareness regarding the risks of 
development on dolomite originated in the 1970s, dolomite development guidelines were enforced,
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geotechnical and building requirements related to dolomitic land rigorously guide the development. 
As is the case with part- or fully funded low-income housing, maintenance and the monitoring of 
leaks become an important factor when considering physical vulnerability of such settlements on 
dolomite.
The dwelling characteristics of low-income settlements described above present the results of the 
pre-feasibility phase of my research. Although the settlements on dolomite in Gauteng display the 
observed range of characteristics, the settlement types are not mutually exclusive and different 
dwelling material and construction types are often found in a mixed fashion in close proximity to one 
another. Therefore, decision making in the national, provincial or municipal sphere regarding the 
development or upgrading of low-income settlements on dolomite is riddled with difficulties when 
attempts are made to apply dolomite-specific building regulations and guidelines intended for 
formally approved settlement forms to the low-income domain.
4.2.2 Sample site investigations
As alluded to earlier, the form and function of government-funded housing in South Africa has 
remained much the same over the past two decades. The standard layout consists of individual 
stands, each with a freestanding house of a current minimum size of 42m2 (before this minimum was 
introduced in 2000 dwellings were often smaller). The row-upon row of small freestanding houses 
leaves little space for deviation from the predefined form. Planners and engineers take note of 
geographical features such as floodlines, slopes, valleys and watercourses, but since the layout 
design does not consider potentially dangerous types of ground for development, such tracts of land 
are left undeveloped (Huchzermeyer, 2011a). This means that on the one hand these areas become 
susceptible to informal development, and on the other hand that alternative layout patterns and 
densities are not usually explored. Due to the standardised nature of the housing subsidy (coupled 
with the need for relatively low cost of land which is usually on the periphery of urban areas), well 
located land that might be more expensive to develop remains untouched. The same principle has 
until recently been applied to informal settlement upgrading, basically making in-situ upgrading 
'unfeasible' (Huchzermeyer, personal communication, 2015).
As opposed to single stands with small freestanding houses, walk-up apartments and row housing 
have been considered and implemented in a minority of locations. This settlement form was 
commonly constructed on dolomite in the 1970s and 1980s, as is evident in Lyttelton Manor
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Extension 3 (Figure 4.2.li). However, in the context of so-called RDP or BNG projects it is considered 
an "alternative" form and remains implemented in limited selected locations such as Vosloorus 
Extension 28 (Figure 4.3.2j). In addition to examples presented in Figures 4.2.I f  to j, Figures 4.2.2a 
and b as well as Figure 4.2.2d show supplementary illustrations of dwelling structures encountered 
on or close to dolomitic ground during the course of this study.
Figure 4.2.2a: Attached dwelling units on shared foundations on dolomite (Goudrand East, Mogale 
City)
Source: GCRO (2012b).
Figure 4.2.2b: Hostel-type dwellings (towards the East of Winnie Mandela Park, Tembisa)
S o u rce : G CR O  (2012b).
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To date a significant amount of formal and informal development has taken place on dolomite in 
Gauteng. However, relocations of entire communities remain a contested domain. An example of 
recent relocation of a community took place during 2013, in the town of Khutsong, near 
Carletonville, in the Merafong Local Municipality, which forms part of the West Rand District 
Municipality (Figure 4.2.6a). Here, residents were moved from a formal apartheid-era township that 
was located on dolomite ground to a newly developed government-subsidised housing project 
approximately two kilometres towards the South-east (Figure 2.2.2c). Due to the expanse of 
dolomite across this entire region, the new site was also on dolomite (Figure 2.2.2d). The dolomite 
hazard assessment for the development in question considered the potential for development of 
small sized sinkholes to be probable (Stoch, personal communication, 2012), and therefore 
implementation of dolomite-specific infrastructure interventions such as appropriate Polyvinyl 
Chloride (PVC) (synthetic thermoplastic) water and sanitation pipes supported a decision allowing 
construction of low-cost housing in the area. The new dwellings were constructed using an accepted 
technique to stabilise dwellings on dolomite -  that of constructing reinforced raft foundations 
(Figure 4.2.2e). However, the sizes of this particular development's raft foundations are 
approximately 8mx6m, which is considerably smaller than the dwellings that are usually built in 
higher-income urban areas on dolomite using the same technique.
This begs the question as to whether the risk of sinkhole development would in reality be mitigated, 
considering the relatively small raft foundations and uncertain maintenance regime of wet services. 
In addition, there was no sign of gutters or stormwater runoff being installed, other than a single 
stormwater canal towards the South West of the development. Rainfall run-off thus entering the 
ground directly alongside the building foundations -  a feature that is considered inappropriate for 
development on dolomite in other areas in Gauteng (CoT, n.d.) -  could pose a sinkhole or doline 
risk. During subsequent site visits in early 2014, several small sinkholes have already been identified 
throughout the development and up to seven of the newly constructed houses had to be 
demolished (Stoch, personal communication, 2014), confirming suspicions that the technical 
interventions may not have been entirely successful.
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Figure 4.2.2c: Khutsong, on dolomitic ground (near Carletonville in Merafong Local Municipality)
Source: Map compiled by AECOM S/t (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 4.2.2d: Low-density freestanding housing units on dolomitic ground (Khutsong, near 
Carletonville)
Source: Author's photograph (2013).
Figure 4.2.2e: Reinforced raft foundations of the dwellings shown in Figure 4.2.2d
So u rce : A u th o r's  p h o to g ra p h  (2012), taken b efo re  the co n stru ctio n  sh o w n  in F ig u re  4 .2 .2 d  w as com pleted.
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4.2.3 Wet services challenges
During the site visits conducted in the course of the research, the challenges facing low-income 
settlements on dolomite were observed first-hand. Although evidence of subsidence and sinkholes 
were visible at most of the sample sites, the area of Khutsong near the town of Carletonville (Figures 
4.2.2 c to e) towards the far West of the research study area stands out as a key example and 
provided examples of situations demanding consideration. It provides an example where even well 
founded design and implementation may not necessarily withstand the onslaught of dolomitic 
subsidence. With sinkholes already forming even before relocation to the area has taken place, the 
site highlights the need for considering the additional pressure that human-induced vulnerability 
may pose once occupation does take place. The situation emphasises the need, in addition to 
technical considerations during development, to address behavioural impacts related to community 
interaction with wet services post-development, to manage water ingress.
In one example, which I visited in mid-2012, a number of sinkholes were observed to have formed 
along a bulk infrastructure pipeline that ran in front of a local Primary School shortly after 
installation of the pipeline and manholes (Figure 4.2.3a). Children were seen using the potentially 
dangerous and holes with unstable slopes as play-areas. Sinkholes of on average 3m in diameter 
occurred at almost every manhole along the pipeline, this begging investigation into appropriateness 
of construction techniques and construction supervision to reduce leakages. On a subsequent site 
visit in 2013, I found the holes to be filled in, but uncertainty remains as to whether the original 
cause of the sinkholes, i.e. the leaking infrastructure, was addressed.
Figure 4.2.3a: Sinkhole at a manhole along a bulk water pipeline on dolomitic ground (Khutsong 
near Carletonville)
S o u rce : E. S to ch  (2012).
146
In an open field alongside a wetland, just outside of Carletonville, seepage from a leaking sewer 
pump was not only causing contamination of nearby surface water (Figure 4.2.3b), but visibly 
increased the size of a sinkhole into which the residue flows (Figure 4.2.3c).
Figure 4.2.3b: Sewage seepage along the ground surface, on dolomitic ground (near Carletonville)
Source: Author's photograph (2012).
Figure 4.2.3c: Sewage seepage into a sinkhole, on dolomite (near Carletonville)
Source: Author's photograph (2012).
At the site in Khutsong, referred to in relation to Figures 4.2.2c to e, newly designed stormwater 
infrastructure proved particularly sensitive to dolomite-related erosion (Figure 4.2.3d). The canal 
was since rehabilitated and lined with cement (Stoch, personal communication, 2014).
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Figure 4.2.3d: Stormwater infrastructure during construction, on dolomite (Khutsong)
Source: Author's photograph (2012).
4.2.4 A brief overview of low-income settlement density in the context of this 
study
The conventional ways of analysing density are either Du/ha (residential density) or occupational 
density which includes population density (conventionally individuals per room. However, in terms 
of geotechnical writing it may also refer to individuals/ha) and spatial arrangement of density. The 
vertical spatial arrangement of dwelling units in the form of multi-storey arrangements enables 
higher population densities (UN-Habitat, 2012).
In South Africa, the arrangement of dwelling unit density, potential population density and 
occupational density, and then the spatial arrangement of the unit density, are reflected on by 
planning authorities when considering development projects. However, a large portion of low- 
income settlements where informality and backyard dwellings proliferate are unauthorised and not 
captured in an accurate manner. The settlement typology that is achieved in these latter instances 
exists via delineation of stands either in an informal manner, or via formal planning processes, as 
Figures 4.2.4a to 4.2.4e show.
In addition to the determinants and dimensions of settlement densities, the level of basic service 
delivery adds to the liveability of the settlements. Inadequate or lower levels of basic service delivery 
may result in a misrepresentation of the applicability of the traditional assumptions regarding actual
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density. For example: even if a settlement or suburb has a high spatial density, thus a high ratio of 
Du/ha and/or a large number of individuals/ha, in combination with high levels of service delivery, 
access to public amenities and recreational space, residents may readily accept living in the area and 
their living conditions may be considered tolerable. However, even where spatial densities and 
Du/ha ratios may be low, thus allowing more "breathing space", but where the situation is 
characterised by poor access to services, amenities and recreational space, the living conditions are 
not necessarily desirable.
The latter situation is often the case in informal and low-income settlements in South Africa. When 
considering wet infrastructure-related risk on dolomitic ground in association with these 
characteristics mentioned above, for the purposes of this study I refer to "density pressure", using 
the terminology of "density" as a proxy. The density relates in this instance thus to the level of wet 
service delivery in association with the density pressure within the low-income settlement under 
consideration.
The density of low-income settlements in the context of my study is focussed on what may be 
considered low to medium density dwelling unit distribution, averaging approximately 60 to 100 
Du/ha gross density (gross density including roads and open spaces). Using the latest available Stats 
SA census enumerator area averages (2011), this translates roughly to between 180 to 500 
individuals/ha. In comparison, high residential densities exist in low-income areas in cities such as 
Nairobi, where an estimated 862 persons per ha lives, based on the 1999 Population and Housing 
Census, while the real density revealed by Huchzermeyer (2011b) an average of up to 5 242 and 
even an estimated 5 371 persons per ha.
As noted in the methodology (chapter three), the density of settlement types based on dwelling 
layout composition and wet services infrastructure distribution (if applicable) was determined using 
remote sensing and aerial photography, making use of measuring tools in GIS software, as well as 
through field verification. Figures 4.2.4a, b, c, d and e present selected visual representations of the 
densities applicable to low-income settlements on dolomite in context of my research. These density 
characteristics of these examples formed the basis for the settlement type categorisation for low- 
income settlements on dolomite that is considered in Section 4.3.
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Figure 4.2.4a: Medium-density informal settlement with a right-angle layout (dwelling units 
approximately 10m2 in size; approximately 100 dwelling units per ha (Du/ha) gross density)
Source: CoJ (2009a).
Figure 4.2.4b: Low-density informal settlement with an irregular layout (dwelling units on average 
10m2 in size. However, the absence of clearly visible walls between some of the units using aerial 
photography present challenges; approximately 80 Du/ha gross density)
So u rce : C oJ (2009a).
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Figure 4.2.4c: Low-density housing (dwelling units approximately 40m2 in size. However, larger units 
are visible where owners extended the dwelling, approximately 50 Du/ha gross density, expected to 
increase in future due to establishment of backyard dwellings)
Source: CoJ (2009a).
Figure 4.2.4d: Originally low density housing, however densifying with backyard units (formal units 
on average 120m2 and backyard dwellings between 10 and 15m2 in size, originally approximately 90 
Du/ha gross density, increasing to approximately 90 Du/ha gross density)
Source: CoJ (2009a).
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Figure 4.2.4e: Low density somewhat higher income formal settlement, where original dwellings 
are larger and there is not much space for backyard infill (units on average 120m2 in size, 
approximately 60 Du/ha gross density)
Source: CoJ (2009a).
4.3 Settlement types on dolomite
4.3.1 Defining low-income dolomite settlement types
Settlement types for purposes of this research consider primarily density as discussed above, 
dwelling type as it relates to building materials, and wet services infrastructure type and 
configuration. Initially, standard density delineations applicable to development of residential stands 
on dolomite (CGS, n.d.(a)) were considered for application in my research. However, informal 
settlements and areas where backyard units proliferate do not portray the characteristics 
considered in construction guidelines. The difficulty in identifying individual dwelling units in many 
of these instances, in addition to the existence of newly inserted dwellings and the ongoing trend 
towards further densification, in future possibly multi-story development reduces the possibility to 
apply the concept of "dwellings per hectare" as is reflected in the dolomite regulations, to the
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investigated configurations of informality. The dwelling density considerations and information 
gathered from field visits related to building materials and wet services, as described in Section 
4.2.4, enabled the development of settlement type classification on dolomite (Table 4.3.1). The 
settlement types are grouped into six classes, (A to F), with descriptions of each class according to 
characteristics that were most prevalent during field observations. Figures 4.3.1.a to j graphically 
depict the characteristics of each type.
Table 4.3.1: Settlement types identified and described for purposes of this research
Type Name Description of dwellings com m only found in this type
A Shacks Small dwellings constructed from wood, cardboard, metal sheets or plastic. 
Floors are usually covered with soil, dung, wood or cardboard (sometimes later 
replaced with concrete) (Figures 4.2.4a and b)).
B Informal (not approved 
by municipality, not 
compliant with building 
regulations)
Dwellings of roughly the same size as Type A, but with dwellings constructed of 
cement bricks, and usually second-hand brick-and-mortar randomly spaced 
throughout the settlement.
C Low-cost formal housing RDP-type dwellings, part- and privately mortgaged/bank-guaranteed (in South 
Africa also referred to as 'bonded') residences, where individual stands/erfs can 
be clearly recognised, and formally constructed out of cement, brick and mortar. 
Dwelling sizes generally remain small.
D Low-cost formal housing 
with backyard units
Similar dwelling size as Type C but with informally constructed dwellings on the 
formal stands in addition to formal low-income housing. This differs from Type B 
which also has dwellings in the settlement constructed out of brick and mortar, 
in that Type D has a formal and more regular layout, based on formal planning 
design and usually infrastructure and basic services having been provided.
E Row or attached units on 
common raft foundations
These types provide opportunity for the same or slightly higher population 
densities than Types A to D, but with increased stability on dolomite (depending 
on the specific hazard level of the dolomite in a given location). Historically, 
before dolomite building regulations and standards were rigorously applied, 
these dwelling types shared foundations that were normal to all dwellings 
whether they were on dolomite or not -  the concept of raft foundations was 
only introduced after the 1970s. The average height of these units range 
between two and four storeys.
F Apartments and high-rise 
flats (more than four 
storeys without an 
elevator; or whichever 
building regulations 
permit in a given 
municipality)
Medium to high density social housing, usually unsuitable for construction on 
dolomite due to the significant increase in structural weight and construction 
costs. Recently, a high rise apartment block (with bachelor units selling for prices 
from just under R 500 000 each) was approved and is under construction in 
Gerhard street in Centurion, Gauteng (during 2015), on dolomite. However this is 
not the norm and was thus only included in the early research classification stage 
since it forms part of low-income housing provision and urban densification 
strategies worldwide especially on non-dolomitic ground.
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To distinguish between "more" or "less" dense forms of the same type, the numbers "1" and "2" are 
associated with Types A, B, C and E, with dwellings in density form 1 loosely spaced compared to 
those in form 2. For purposes of this study, A1 and B1 refer to low density distribution, while A2 and 
B2 refer to medium density (Figures 4.3.1.a to d). Owing to high-rise residential flats not commonly 
being developed on dolomitic ground, the high density depicted by structures that fall into category 
F depicted in Table 4.3.1 is not included in detail in the context of my study.
Due to the influence that wet services integrity and maintenance has with regard to dolomite risk, 
the configurations of such infrastructure were included in the delineation of settlement types. In 
cases of dwellings made of non-durable building materials (Types A and 6), it is possible that wet 
services such as standpipe-supplied potable water and any given form of sanitation services may or 
may not be present. In some cases, where no potable water is supplied, the residents rely on 
borehole or river water, or water brought in by vehicles or other means. Therefore, although the 
presence of wet services is included in the graphic representations, the study recognises that it may 
be absent. The resultant analysis considers the hypothetical existence of such services, even if it may 
not currently exist in a given settlement. While individual dwelling sizes may differ from the given 
descriptions, the average size of dwelling units in the area is considered. The distribution of 
dwellings may also be more irregular than depicted in the representations.
In Figures 4.3.1a to d and g, dwellings depicted in grey with black outline represent those 
constructed of informal materials such as wood, metal sheets and cardboard. Unit depicted in yellow 
blocks with black outline represent dwellings constructed out of cement bricks, new or re-used brick 
and mortar or similar materials (considered "more durable" to some extent), regardless of whether 
it conforms to design or building specifications, building application processes and building 
regulation requirements. The reason for this undefined specification that treats all brick and mortar 
buildings as one feature is that the description focuses on spatial density and not on whether the 
density was achieved via formal or informal processes. Features in brown and outlined in black 
depict examples of positioning of sanitation units (toilets) in or near dwellings while blue lines and 
blue cylindrical features present examples of the presence of potable water services (in the form of 
pipes and taps).
The main difference between Types A (Figures 4.3.1a and b) and B (Figures 4.3.1c and d) is that 
settlements of Type B display a significantly higher proportion of dwellings (estimated 40% or more) 
constructed from cement, brick and mortar, even though they remain informal in nature.
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Figure 4.3.1a: Type A l: Very low to low density, shacks
Figure 4.3.1b: Type A2: Low to medium density, shacks
Figure 4.3.1c: Type Bl: Very low to low density, informal dwellings
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Figure 4.3.Id: Type B2: Low to medium density, informal dwellings
Figure 4.3.le: Type C l: Very low to low density, formal housing (including fully or part subsidised 
housing)
Figure 4.3.If: Type C2: Low to medium density, formal housing (including fully or part subsidised 
housing)
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Although Types Cl and C2 both conform to the "low density" classification devised by the CSIR 
(2009), two distinct densities were defined for this study after field visits were done, reflecting the 
situation that was found in sample settlements, with Type Cl being less densely spaced than C2 
(Figures 4.3.l.e and f). Settlement Type D is initially comprised of formal housing, which includes 
fully subsidised or part subsidised bonded or privately mortgaged housing. This Type may originally 
have been classified as Type C after initial construction, but due to the emergence of backyard 
dwellings and shacks in-fill between the free-standing brick and mortar dwellings is now considered 
Type D. Sanitation could be formal or informal in nature. Figures 4.3.lg  and 4.3.4e)
Figure 4.3.lg: Type D: Low to medium density, formal housing with backyard units
Settlement Types El and E2 reflect formally constructed dwellings on shared or raft foundations 
considered suitable when building on dolomite. The reason for including shared non-raft 
foundations is due to a large number of this type of dwellings that were built during the 1970s and 
shortly thereafter that did not have raft foundations implemented, but where wider foundations (at 
the time usually not including additional reinforcements) were considered safer options on dolomitic 
ground at the time. Although Figures 4.3.1h and i depict rectangular layouts, dwelling units with this 
foundation type may be staggered or diagonally arranged. The stands, when designed for 
construction on dolomite, conform to the stand size and Du/ha determination as per dolomite 
hazard investigation requirements. Type El reflects predominantly single-storey dwelling units on 
shared foundations, while Type E2 reflects multiple storey units (up to three storeys high, or 
depending on what is deemed acceptable for the specific dolomite hazard level as per SABS (2012).
As noted earlier, settlement Type F is not generally suitable on dolomitic ground, but represented 
since it may be contemplated in unique cases where high dwelling density on dolomite is indeed
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possible. However, since this form is largely avoided by planners and developers alike, this Type is 
excluded from the data collection and result analysis of my research.
Figure 4.3.lh: Type El: Low to medium density, with shared or raft foundations
Figure 4.3.1i: Type E2: Medium density, with shared or raft foundations
Figure 4.3.lj: Type F: Medium to high density, multiple storey and high-rise flats
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4.3.2 Comparing diagrams and sample settlements
The defined settlement types are unlikely to appear in reality exactly as per the graphical 
representations above. Even the descriptions do not cover all possible permutations of actual 
settlement characteristics. For example, plot and dwelling sizes may vary while the position of wet 
infrastructure and layout may differ. However, the general combination of features visible from an 
aerial and in-field perspective assists in categorising each real-world settlement type. Figure 4.3.2a 
to Figure 4.3.2j show the sample settlements engaged in this study in relation to the settlement 
types (white patches in some Figures are due to satellite or aerial image distortions).
Figure 4.3.2a: Winnie Mandela Park resembles settlement Type D. Towards the South-East of the
view settlement Type B2 is visible (towards the east of the road indicated in yellow)
Source: Map compiled by AECOM (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
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Figure 4.3.2b: Thembelihle resembles settlement Type B1
Source: Map compiled by AECOM 5/4 (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 4.3.2c: Protea South resembles a combination of settlement Types A1 and A2
So u rce : M ap co m p ile d  by A E C O M  SA  (Pty) Ltd, se rv ice  la y e r cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, USGS, A EX, G etm a p p in g , A ero g rid , IGN , IGP, sw issto p o , a n d  the G IS  U ser Com m unity.
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Figure 4.3.2d: Goudrand East resembles settlement Type E l (in Mogale city)
Source: Map compiled by AECOM S/4 (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 4.3.2e: Kagiso/Goudrand West, resembles settlement Types A2 and D (where D was
formerly Type C, but now in-filled with informal backyard dwellings)
So u rce : M ap co m p ile d  by A E C O M  5/4 (P ty) Ltd, se rv ice  la ye r cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, USGS, A EX, G etm app ing, A ero g rid , IGN , IGP, sw issto p o , a n d  the G IS  U se r Com m unity.
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Figure 4.3.2f: Kagiso resemble settlement Type E, with a limited amount of Type C units included
(in Mogale City)
Source: Map compiled by AECOM 5/4 (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 4.3.2g: Khutsong (historical township location) resembles settlement Types A (towards the 
North-West), and D
So u rce : M ap co m p ile d  b y  A E C O M  SA  (Pty) Ltd, se rv ice  la y e r cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, U SGS, A EX, G etm app ing, A ero g rid , IGN, IGP, sw issto p o , a n d  the G IS  U se r Com m unity.
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Figure 4.3.2h: New developed area in Khutsong resemble Type Cl; however, it may experience in­
fill with informal dwellings, thus changing it into Type D
Source: Map compiled by AECOM S/\ (Pty) Ltd, service layer credits: Esri, DigitalGlobe, GeoEye, icubed, Earthstar 
Geographies, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.
Figure 4.3.2i: Vosloorus Extension 3 resembles settlement Type C2
So u rce: M ap co m p ile d  b y A E C O M  SA  (Pty) Ltd, se rv ice  la yer cred its: Esri, D ig ita lG lobe, G eoEye, icubed, Ea rth sta r
G eographies, C N ES/A irb u s DS, USDA, U SGS, A EX, G etm app ing, A ero g rid , IGN , IGP, sw issto p o , a n d  the G IS  U ser Com m unity.
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Figure 4.3.2j: Type El, earmarked for construction on dolomite in Vosloorus Extension 28
Source: EMM (2012).
4.4 Parameters that impact on settlement vulnerability on dolomite
4.4.1 Introduction to selected parameters
During field visits the density, dwelling type, building materials and foundation type (where it was 
possible to determine the latter), and wet infrastructure configurations in each settlement was 
noted. In addition, information was also gathered on potential additional features that affect the 
level of physical vulnerability of these settlements on dolomite, for example, presence of gutters on 
roofs and termination of downpipes, canals and visible water-bearing infrastructure, and evidence 
related to owner or resident's behaviour, which reveal potential maintenance of infrastructure.
The information collected during the course of the study was classified as primarily belonging to one 
of the following three categories that influence disaster risk, namely:
• Vulnerability;
• Manageability; and
• Capacity.
As mentioned earlier, the hazard category, which also influences disaster risk, is excluded from my 
research since it is substantially covered by regulations, guidelines and standards that already exist 
for building on dolomite in South Africa. For each of the categories of vulnerability, manageability 
and capacity, the observations were listed in a qualitative manner reflecting the type of observations 
made across sample sites. Information was also included based on the earlier discussions with 
stakeholders and specialists during workshops and interviews during the course of the research. The 
observations and information were collated and short descriptive names provided to each
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aggregation. Within each combination, observed attributes identified during fieldwork that could 
differentiate settlement vulnerability on dolomite were listed and the attributes grouped. This 
qualitative process of attribute aggregation and grouping resulted in 12 identified parameters 
identified, the first being settlement type that was discussed earlier. As a result, the following 
criteria were selected for inclusion in the research questionnaire (Appendix I):
Vulnerability criteria
The vulnerability criteria selected for the research include:
1. Settlement sensitivity to stress, related to the settlement type in terms of the 
sensitivity of physical dwelling units and settlement layout, based on principles of 
current development considerations on dolomite;
2. State of monitoring, considering the duration of a possible undesired state or 
duration of non-detection of potential danger;
3. Probability of exposure to natural water stress, examining whether features such as 
rivers, wetlands or flood plains exist near settlements;
4. Probability of exposure to potable water infrastructure stress, deliberating the 
potential for leakages in piped potable water infrastructure, based on construction 
materials and associated pipe coupling methods;
5. Probability of exposure to stormwater runoff stress, contemplating stormwater 
runoff canals and related construction materials;
6. Probability of exposure to gutter stress, gauging the presence of gutters and the 
distance that outlets are located from dwelling structures (i.e. higher stress where 
no gutters exist or where gutters terminate directly alongside the structure);
7. Probability of exposure to sanitation stress is based on the potentially different 
sanitation systems that may exist in a given location and appraising whether it is a 
wet or dry system.
Manageability criteria
The manageability criteria are related to the official nature of dolomite risk management, whereby 
potential risk may be reduced via formalised mechanisms of intervention, including:
8. Maintenance based on ownership regards the perceived level of maintenance such 
as fixing of wet infrastructure leaks based on consideration of tenure and the 
strength of managerial control which a resident has over dwelling maintenance;
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9. Maintenance via municipal intervention is dependent on the presence of and 
adherence to regulations, controls, awareness programmes or similar interventions 
in place in areas underlain by dolomite. For example, this variable considers where 
municipalities have a formal process whereby dolomite risk management 
programmes or similar controls are implemented.
Capacity criteria
Capacity criteria relate to the potential for household and community-level intervention to reduce 
disaster risk, and includes:
10. Level of engagement that is determined by interaction between community 
leadership structures (for example cultural leaders or ward councillors) and the 
regulatory authority or municipality regarding dwellings on dolomite;
11. Probable household behaviour deliberates conduct based on cultural or social levels 
of responsibility, reflecting an attitude of caring for the physical environment in 
which one resides;
12. Average household income, which guides the propensity for leaking pipes to be fixed 
or ponding of water to be addressed.
These 12 variables (also referred to as parameters or criteria) were used during the AHP process to 
determine potential focus areas of vulnerability intervention, and improve the current 
understanding of the importance of settlement types in relation to other disaster risk parameters. 
The parameters are described in more detail in Section 4.4.2.
4.4.2 Vulnerability parameters
Sensitivity to stress based on settlement type (Ss)
Adger (2006) termed the concept of a variables' Sensitivity to stress (thus the Ss abbreviation). This 
measure indicates the physical sensitivity of the dwelling unit to the hazard, based on formality, 
build-material type, the presence or potential for presence of backyard dwelling units and so forth. A 
"No settlement' option is included in the options considered, to provide for evaluation of open 
space or a landscape where no settlement is present. Table 4.4.2 provides details of Ss. The numbers 
displayed in the first column is for reference purposes and have no mathematical value.
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Table 4.4.2: Sensitivity to stress related to settlement type
Number (for reference 
purpose); settlement 
type indicated in 
brackets where relevant
Short name Description
1 (A l) Not very dense shacks (very 
low to low density)
Constructed from metal, plastic, cardboard, around a frame 
of wood/metal, at least 5m spacing between units
2 (A2) Dense shacks (low to 
medium density)
Constructed from metal, plastic, cardboard, around a frame 
of wood/metal
3 (B l) Not very dense informal 
dwellings (non-approved 
dwellings; very low to low 
density)
Constructed from durable materials (brick & mortar), but not 
formally designed or following recognised 
building/construction standards, at least 5m spacing between 
units
4 (B2) Informal dwellings (non- 
approved; low to medium 
density)
Constructed from durable materials (brick & mortar), but not 
formally designed or following recognised 
building/construction standards
5 (C l) Houses less dense, no 
approved dolomite 
foundation (very lot to low 
density)
RDP-type dwellings, as well as low-income dwellings formally 
designed and constructed, to recognised building standards, 
at least 10m spacing between units, but without dolomite- 
specific building consideration, for example, raft foundations
6 (C2) Single/free standing 
houses, no approved 
dolomite foundation (low 
to medium density)
RDP-type dwellings, as well as low-income dwellings formally 
designed and constructed, to recognised building standards, 
but without dolomite-specific building consideration, for 
example, raft foundations
7(D) Houses with backyard units 
(low to medium density)
Same as above, but with backyard dwellings -  any density 
(but usually no more than 5m spacing between units), with 
no dolomite-specific building consideration e.g. raft 
foundations
8 (E l) Raft foundations single 
storey (low to medium 
density)
Same as above, but with appropriate dolomite-specific 
foundations and related waterborne infrastructure 
requirements adhered to
9(E2) Walk-up
apartments/duplexes/ 
hostels, on raft foundations 
(medium density)
Up to 3 storeys walk-up apartments or hostel-like structures, 
conforming to dolomite-specific requirements, (Note: 
settlement type F is not included in the Ss parameter)
10 No settlement Natural condition (no human intervention)
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State relative to threshold based on frequency of intervention (St)
The concept of a State relative to a given threshold (St), again termed by Adger (2006), considers the 
duration of the potential state of danger in which a variable remains, for example a leaking water or 
sanitation system pipe in relation to the dolomite hazard level. St refers to the length of time that 
passes between monitoring activities that will detect leaks, dolomite-subsidence induced cracks in 
buildings, formation of dolines, and so forth. Although this variable relates to formal elements of risk 
management, such as level of ownership and municipal maintenance protocols that determine 
frequency of monitoring for purposes of water leak detection, the parameter focuses on the physical 
vulnerability of the dwelling structures in relation to the frequency of risk reducing interventions.
Presence of and distance to watercourse, wetland or floodplain (Ps(n))
The presence of watercourses, wetlands or floodplains (P relating to Presence, s to "structure"
(which could be either a man-made or natural arrangement) and n referring to being in "nature"), in 
the vicinity of settlements influences the level of vulnerability of dwellings to subsidence and 
sinkholes (Dold, 2015). These surface water considerations are included as a variable in the physical 
vulnerability assessment protocol, since it reflects to some degree the potential for ground water 
levels to influence dolomite stability, while the proximity of a settlement to a wetland or flood plain, 
watercourse, dams and natural ponding areas due to topographical features influences the potential 
dolomite disaster risk (ibid.).
The consideration of measured ground water levels in regards to dolomitic hazard would be part of 
site-specific geotechnical and ground water investigations and controls (Kleynhans, personal 
communication, 2012), and falls into the ambit of existing geotechnical enquiry, regulations and 
guidelines related to development on such ground. My research recognises that ground water level 
management has an impact on safety levels when developing on dolomite (Grobler, personal 
communication, 2014). Therefore the ability of authorities to control water levels in underground 
compartments that underlays urban areas plays an important role. However, this consideration is 
excluded from the physical vulnerability evaluation process applied during my research.
Piping of potable water (Ps(ip))
The abbreviation Ps(ip) reflects Presence of structure(s), infrastructure jaipes. A variety of materials 
and connection options are available when designing and installing potable water infrastructure, for 
example cement or clay pipes, PVC, or double-lined PVC pipes and associated pipe connections. The
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possibility of placement of PVC or plastic water tanks especially when associated with grey water use 
in flush-sanitation systems could also be included in this category. The consideration of communal 
standpipes versus on site reticulation is not applicable in this variable although it would have to be 
considered when site-specific planning is done.
In unregulated upgrading and informal development settings at stand-level -installations are difficult 
to regulate and illegal or unapproved connections may occur. Informal settlements and settlements 
where backyard dwellings proliferate are particularly vulnerable since not only may the original 
stand-level reticulation be potentially unsuitable on dolomite and informally extended, but the pipes 
are often subjected to irregular maintenance and -protective measures. Where water consumption 
is not individually metered as in the case of municipal stand pipes in informal settlements, there is 
no monetary incentive to report or mend leaks, and prevailing socio-economic conditions determine 
other expenditure priorities. Even when frequent maintenance occurs, old copper or clay pipes may 
not be replaced with more suitable pipe infrastructure based on the latest dolomite building 
guidelines (that require for example PVC pipes), but merely "patched up".
Sanitation infrastructure (Ps(is))
As with potable water infrastructure, adherence to sanitation infrastructure guidelines, regulations 
and standards for development and maintenance on dolomite may be inconsistent in low-income 
settlements. The abbreviation depicts Ps as the Presence of structure(s), i as infrastructure and s as 
sanitation. Again, as for potable water infrastructure a multitude of options are possible, for 
example piped services, VIP and bucket systems.
Stormwater runoff (Ps(ir))
The lining of stormwater canals on dolomitic ground is important (Stoch, personal communication, 
2012) since water ingress and erosion of canal sidewalls impact the structural robustness of areas 
alongside as well as other stormwater infrastructure in the canal. Where an impermeable lining is 
not in place, erosion potential is not only amplified, but sinkholes can form easily (ibid.).
Presence of gutters and location of gutter outlets (Ps(gt))
Ps(gt) relates to Presence of structure: gutter. Where gutters are present on roofs of dwellings, the 
outlet should be away from the foundation of the building (CoT, n.d.) to minimise vulnerability of the 
structure to subsidence. RDP and BNG-type dwellings in South Africa usually do not include gutter
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systems and water tend to drip directly from the roof onto the soil below -  thus directly alongside 
the foundation. This practice may inadvertently expose the dwellings built on dolomite to increased 
risk, even if suitable raft foundations are constructed, due to the large amount of water that will 
flow into the soil directly alongside the dwelling foundation.
Recent research into the implementation of rainwater harvesting (RWH) in low-income housing 
settlements (Enninful, 2013) suggests that community involvement and training would be necessary 
to ensure effective debris removal and water quality maintenance. In addition, when RWH is 
considered on dolomitic ground, the flushing of the water tank or overflow from the system, as well 
as potential uses of such collected water (for example food gardening or laundry station 
construction) should not pose the potential for increased dolomite-related hazard.
4.4.3 Manageability parameters
Following on the last point above, a key consideration for long-term dwelling safety and 
sustainability of settlements on dolomite is the level to which water ingress is managed from a 
municipal, community and household perspective, and the monitoring and maintenance regimes 
that are in place. The measure of control and subsequent responsibility that officials, owners or 
residents have is a mechanism that can be applied to reduce the level of disaster risk. The 
manageability (this Section, 4.4.3) and capacity (Section 4.4.4) elements of disaster risk plays a vital 
role in solving challenges related to risk reduction. This is important especially where the hazard 
itself (the occurrence of dolomite) and level of vulnerability (in relation to the settlement 
environment) cannot be addressed effectively. Manageability criteria in the context of this research 
consist of:
Ownership and tenure type (M(o))
M(o) refers to: Manageability: ownership. The parameter considers the probable level of 
maintenance and the propensity of a controlling or managing body, or owner(s), to repair wet 
infrastructure leaks. The level of ownership includes the consideration of tenure and unit 
management and the measure of control over upgrading and maintenance, for example based on 
management by shack lords, individual ownership, rental and sectional title or body corporate 
management.
170
Formal controls (M(m))
M(m) refers to the level of engagement, development Management and control at municipal level. 
The variable is evaluated based on the engagement, protocols, processes, existence (or non­
existence) of by-laws and guidelines that regulate for example ground water level management and 
the implementation of dolomite management programmes.
As an example, Ekurhuleni Metropolitan Municipality has controls in place such as:
• deployment of community awareness programmes (including distribution of brochures and 
DVDs targeted to communities, regarding dolomite and related risks);
• bylaws are promulgated to regulate interventions;
• fixed three-year contracts are in place with approved service providers to respond to 
sinkhole occurrences; and
• development planning applications go through a defined set of steps to ensure safety on 
dolomite (Kleynhans, personal communication, 2012; Grobler, personal communication,
2014).
In other instances, the City of Tshwane for example, requires dolomite risk management 
programmes to be developed and implemented for new developments and the upgrading of existing 
formal developments.
4.4.4 Capacity parameters
The disposition of communities and households to manage their own environment is based on their 
level of knowledge, understanding and interpretation of the level of disaster risk that they may be 
exposed to versus the benefits that they may receive even if exposed to such risk. Their propensity 
to provide guidance includes the following parameters:
Level of engagement and awareness (C(e))
The Capacity for engagement (C(e)) of the community with the municipality regarding their situation 
takes into account ward councillor engagement and community awareness within the community, 
that relate to DRR.
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Household and community activities and general behaviour (C(b))
Household behaviour regarding water use, water leaks and general water ingress control is referred 
to as Capacity: behaviour. Informal economies in low-income settlements may include businesses 
that rely on water-intensive services, such as baby care facilities (considering that a residents may 
make use of cloth nappies as opposed to disposable nappies), household food gardening, car 
washing and laundry services. These activities, which may be more tied to socio-economic conditions 
than choice, increase water ingress in certain areas which may increase the physical vulnerability of 
dwellings at that particular point.
Average household income (C(i))
A dichotomy exists between the needs and aspirations of communities, versus their ability to pay for 
housing and services (Austin, 1996, referenced in CSIR, 2000) -  as with C(b) a matter of conditions 
versus choice. The Capacity of households to manage disaster risk also relates to their income. Low- 
income communities have a reduced ability to afford infrastructure maintenance, since lower 
household income levels necessitates the use of available funds towards daily survival, rather than 
maintenance of dwellings and infrastructure.
4.5 Conclusion
Within low-income settlements, characteristics of different settlement types are often found in 
combination, depending on the local physiognomies of the socio-urban place and geographic space. 
Therefore, the settlement type and AHP criteria selection discussed in this chapter is by no means 
exhaustive. The settlement type characterisation in particular has the potential to be adapted for 
additional layout forms or different sizes of dwelling units.
The settlement type selection and criteria identification enables consideration of low-income 
settlements on dolomite in more detail than previous research done to date, particular due to the 
characteristics of densely populated urban living in informal or unapproved dwellings. The selection 
is in particular applicable since it includes the presence of backyard dwellings and small, freestanding 
houses. The types and criteria defined in this chapter enables an additional element of variability to 
be added to the development-on-dolomite guidelines that focuses on consider dwelling units per 
area (SABS, 2009) in predominantly approved and formalised environments.
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When considering unit sizes in low-income and especially informal settlements, the existing building 
requirements and guidelines are not easily transposed or assessed, nor is it possible to accurately 
predict the level of maintenance of waterborne infrastructure over the long term or the 
management of backyard dwelling in-fill and subsequent population number increase. The 
settlement types and criteria selected for my research enables, in addition to known wet 
infrastructure requirements, issues related to monitoring, maintenance, engagement, ownership 
and transformation of settlement types over time to be considered. In the next chapter, where the 
research method is applied, the analysis of these variables are explained in detail. The research 
method is thus applied to these criteria using AHP statistical analysis software that enables the 
evaluation of complex relationships, between settlement types as well as between research 
parameters or so-called criteria.
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CHAPTER 5: DATA CAPTURE, ANALYSIS AND RESULTS
5.1 Introduction
Chapter five commences with providing insight into the pre-feasibility situation assessment of the 
research, which leads to the ultimate selection of the AHP process for data capture and analysis 
purposes. During the research conceptualisation, proposal writing and literature review stages, a 
number of assumptions were made regarding the potential to plot low-income settlement types on 
graphs, reflecting the settlement type vulnerability and associated sustainability of such settlements 
on dolomitic ground. These hypothetical graphical representations are provided early on in this 
chapter as part of the explanation of considerations and presumptions based on initial interviews, 
readings and site visits.
As explained in Chapters three and four, the method for data collection, analysing of information 
and plotting of results in the form of vulnerability curves was not feasible as originally envisaged. 
Thus, the remainder of Chapter five focuses on the process of data capture and analysis via the 
selected AHP software. Some details and examples of some of the responses from respondents are 
also presented.
Finally, the results of the subsequent analyses, based on the selected research method, are 
provided. The results are presented as a range of outcomes that reflect the different parameters 
that were considered during the data collection and review process (as presented in Chapter four), 
that have a direct impact on low-income settlement vulnerability on dolomite. The discussion 
concludes by presenting the respondents' perceived importance of the parameters in relation to 
each other to reduce low-income settlement vulnerability, as well as the settlement types in relation 
to one another, in terms of physical vulnerability on dolomite.
5.2 Background to data capture and analysis
Phase 1 of my research, which provided insight into the feasibility of the research as well as insight 
into the problematics surrounding low-income settlement development and upgrading on dolomite, 
as well as Phase 2 that identified criteria used to gather and analyse data, culminated in the results 
discussion presented in this chapter. Although the first phase of the research provided the basis for 
the resultant investigations and criteria selection, the results of this phase are presented below in
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brief. The remainder of the chapter focuses on respondent feedback that was captured in AHP 
software, and the results and analyses of the outcome of Phases 2 and 3 of my research.
Figures 5.2.1 and 5.2.2 show the initial assumptions based on Phases 1 and 2 of the investigations 
during my research. The settlement type designations that are indicated in the figures are the same 
as those defined in Chapter four. There were a few more low-income settlement types indicated in 
these figures than what was finally used in the research method and analyses, since the results of 
focussed workshops and field visits were not yet available at that time. Figure 5.2.1a shows low- 
income settlement types in a scatter-graph in relation to the level of settlement formality on the 
vertical axis, with the assumed level of dolomite disaster risk on the horizontal axis. This graph 
indicates the settlement types presented in Figures 4.3.1a to 4.3.l j  and Table 4.4.2, with green and 
yellow colours presenting assumed lower risk, while orange, red and burgundy colours present 
assumed higher risk based on settlement types. Thin blue outlines indicate an assumed probability 
of little or no formal design and implementation of wet services infrastructure (i.e. a high level of 
informality). Thicker blue outlines indicate the probability of formal wet infrastructure to be present, 
however potential poor maintenance to exist in these cases .
Formal
CT3
£ Mixed
i—o
Informal
Level of risk 2  O  'with poorly maintained waterborne services' 
Figure 5.2.1: Assumed plot of settlement type and level of formality versus level of dolomite 
disaster risk
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Based on the early research assumptions reflected in Figure 5.2.1, Figure 5.2.2 shows the level of 
sustainability of the settlement type on dolomite on the vertical axis versus the level of physical 
vulnerability of that settlement type on dolomite land on the horizontal axis. Again the green and 
yellow colours indicate lower vulnerability but higher levels of sustainability, while orange, red and 
burgundy represent higher levels of physical settlement vulnerability and lower levels of 
sustainability on dolomite. The naming and blue outlines are the same as described for Figure 5.2.1.
Figure 5.2.2: Assumed plot of low-income settlement types on a sustainability-vulnerability curve
These assumed graphs were as mentioned earlier, based on interviews and investigative discussions 
during early site visits with geotechnical and environmental specialists who indicated their 
perceptions regarding the physical vulnerability, sustainability and level of risk that low-income 
settlement types face on dolomitic ground. Note as a reminder in reference to earlier statements in 
this document, that these interviews were limited in their number given discomfort among experts 
with regard to the sensitive nature of the questions and the potential of positioning themselves in an 
undesired professional standing within the development- and upgrading on dolomite debate. No 
literature regarding the subject of the identified low-income settlement types and its potential for 
the desired visual representation of its physical vulnerability was available.
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Of the pieces of literature citing vulnerability curves and graphs in regards to risk assessment focus 
on hazards intersecting with settlements, such as landslides (Fell, 1994; Uzielli et at., 2008), floods 
(Sagala, 2006), avalanches and earthquakes (Roca eta i, 2006), none considers visual representation 
of vulnerability curves for low-income settlement types on dolomite. In South Africa, as mentioned 
earlier in this document, Buttrick et al. (2011) considers the low-income settlement situation. 
However, they do not consider the differences between the types of low-income settlements or 
different dwelling types and configurations thereof in regards to the wet infrastructure that may or 
may not exist, as is apparent from the identification of the different settlement types identified and 
considered in my research.
Based on outcomes of in particular the discussions with specialists held during the dolomite 
workshop (2011, Appendix B) regarding the impact of wet services infrastructure in relation to 
dolomite risk, it became clear that the presence of poorly maintained wet infrastructure plays a 
critical role in the level of risk that a settlement or individual dwellings within a settlement face. This 
implicates that various potential scenarios exist depending on the different characteristics of the wet 
infrastructure, settlement types, the combinations of the physical vulnerability parameters as well as 
community behaviour and governing agency levels of engagement.
Examples that where quoted during the abovementioned dolomite workshop assisted in developing 
the assumed graphs presented above and below (Figures 5.2.1 to 5.2.3). The examples included 
instances where water piping is old and usually not the newer PVC-type as required by dolomite 
regulations), and where pipes may be leaking. The discussions alluded to especially the maintenance 
requirements of stormwater infrastructure, sanitation structures and water supply lines. Similarly, 
the workshop discussions highlighted that where governance interventions in regards to the 
management of settlements, maintaining ground water level stability and wet services infrastructure 
maintenance on dolomite is lacking. There also tends to be lessened interest from communities to 
manage the related risks they face.
Based on these early discussions, the sets of assumed graphs (again Figures 5.2.1 to 5.2.3) were 
developed, intended to provide the basis for defining physical vulnerability curves for low-income 
settlement types on dolomite. A question arose from these discussions and assumptions whether 
medium and high-income settlements are in reality facing lower dolomite-related risks than their 
low-income counterparts in cases where wet services maintenance is lacking, suggesting that the 
settlement types plays a much lesser role than is commonly considered. Thus, even dolomitic areas
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that may initially be identified during geotechnical investigations as presenting low hazard levels or 
suitable for residential settlement of any given nature could become high-risk areas if subjected to 
certain poor wet infrastructure maintenance conditions.
Figure 5.2.3 was compiled as a hypothetical distribution reflecting the perceived positioning of 
known settlements that attendees of the dolomite workshop came across, with regard to 
management of dolomite hazard levels in relation to physical settlement vulnerability. The 
comments made during the workshop and subsequent interviews with specialists during site visits 
that took place shortly after the workshop, indicated the possibility to place individual settlements in 
four quadrants of the scatter graph, namely an area where the risk can be retained or accepted, 
another quadrant where vulnerability could be reduced (generally via physical intervention related 
to wet services infrastructure), one where management and capacity enhancement could be used to 
educate communities and officials in an attempt to enhance awareness and so control the level of 
vulnerability, and finally, where none of these options are possible, avoiding development or 
upgrading altogether, or engaging in relocation processes. The options presented in this quandrant 
format follows international processes of handling disaster risk via prevention or avoidance, 
reduction and mitigation of impacts, as an alternative to merely responding to the repercussions of 
hazards taking effect (Bigio, 2003).
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Figure 5.2.3: Graph showing assumed settlement type location on a scatter graph
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Due to the challenges experienced in applying the initial envisaged research method (as explained in 
Section 3.2.3), Figures 5.2.1 to 5.2.3 could not be verified or expanded on. The sections that follow 
describe the data collection and capture process, as well as analysis that followed using the finally 
selected AHP method.
5.3 Data capture
5.3.1 The AHP database design
The parameters and variables referred to earlier, termed "criteria" in AHP, and the "sub-criteria" for 
the settlement types as discussed in Chapter four are presented in more detail in Appendix G. The 
content of Appendix G and the questionnaire that was developed and used during the AHP process 
(Appendix I) include additional sub-criteria listings for all the criteria. Apart from the Ss: settlement 
type sub-criteria, all other sub-criteria were primarily included in the investigation and 
questionnaires to confirm my understanding of the subject matter, and do not form part of the 
mathematical analysis reported on.
The relationships in terms of the analytical hierarchy, between the disaster risk management goal of 
the research and the elements of disaster risk management (thus the parameters of vulnerability, 
manageability and capacity), is presented in Figure 5.3.1.
For this study: objectives: n = 12
Figure 5.3.1: AHP in relation to disaster risk components of this research
179
Table 5.3.1 provides a list of abbreviations that are used in this document, as presented in Section 
4.4.2 as the vulnerability parameters, Section 4.4.3 as the manageability parameters and Section 
4.4.4 as the capacity parameters of the disaster risk management continuum. A reference to the 
criteria abbreviations and their meanings is indicated in the table, where:
• Ps refers to the probability of exposure to a particular element, as a measure of 
Vulnerability;
• M refers to Maintenance based on potential owner and municipal maintenance 
interventions and protocols; and
• C refers to Capacity as the ability or attitude of households to intercede in their situation.
The parameters that were investigated as part of the research, and elaborated on in Chapter four 
(Sections 4.4.2, 4.4.3 and 4.4.4) form the basis of the data capture and analysis process that follows. 
The disaster risk-based terminology that refers to "parameters" is also referred to as "criteria", in 
conforming to the terminology that is commonly used in the application of the AHP method.
Table 5.3.1: Parameter types, criteria abbreviations and descriptions
Disaster risk 
parameter type
Criteria
abbreviations
Criteria name Short description of criteria as 
presented Chapter four
Vulnerability (in 
relation to the 
probability of 
exposure to the
Ss Sensitivity to stress based 
on settlement type (with ten 
settlement types as 
presented in Table 4.4.2)
Settlement type based on physical 
dwelling unit type, building material, 
density and layout
selected 
hazard,for 
example, being 
located on 
dolomite)
Ts, (also 
referred to as 
St)
State of monitoring Considering the duration of an 
undesired state or non-detection of the 
danger or undesired state, with regard 
to dolomite specifically related to 
leaking wet infrastructure
Ps(n) Probability of exposure to 
natural feature stress
Distance from natural water features 
such as rivers, wetlands and flood plains
Ps(ip) Probability of exposure to 
water supply infrastructure 
stress
Potential for wet infrastructure (water 
and sanitation in particular) leakages 
based on construction materials and, for 
example, pipe coupling methods
Ps(ir) Probability of exposure to 
stormwater runoff stress
Considering presence and construction 
materials of runoff canals and related 
stormwater infrastructure
Ps(gt) Probability of exposure to 
gutter stress
Absence of presence of gutters and 
distance of gutter outlets from base or
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foundation of dwellings
Ps(is) Probability of exposure to 
sanitation stress
Dependent on the type of sanitation 
present, for example, flush toilets, wet 
or dry systems
Manageability 
(strength of 
control over 
formal
monitoring and 
maintenance of 
wet
infrastructure)
M(o) Manageability: ownership Where level of ownership and 
associated tenure impacts wet 
infrastructure maintenance regimes, not 
related to official or municipal 
management
M(m) Manageability: municipal Absence or presence of regulatory 
controls, programmes and interventions 
implemented via official channels
Capacity 
(household and 
community- 
level
understanding 
of the risk they 
face and 
related 
potential for 
intervention)
C(e) Capacity: engagement Related to presence of community 
leadership and strength of such 
structures as well as connectivity or level 
of interaction of these structures with 
official authority
C(b) Capacity: behaviour Household and individual behaviour 
reflecting a sense of responsibility for 
own, community and environmental 
safety
C(i) Capacity: income 
(household income based 
on Census data (Stats SA, 
2011))
Where level of income may act as a 
guide to enable households to address 
monitoring or leakage of wet 
infrastructure
5.3.2 Setting up the database using MIR AHP software
Software that supports research using the AHP process is widely available in the industry, either as 
free software or copyrighted and commercially sold. Both these forms of software use the same 
algorithms and differ mainly in its front-end views and ease of use. After investigating a number of 
freeware and commercially available versions of software, I selected the AHP software known as 
"Make It Rational™" (MIR) (Easton, 2014). The first step in the process was to set up the AHP 
database according to the variables and criteria that were defined when the questionnaire was 
developed (Appendix I). The questionnaire was completed by a total of 12 respondents as referred 
to in Sections 3.1 and 3.2.3.3 (consisting of geotechnical and civil engineers, geologists and 
environmental scientists), who will remain anonymous according to the confidentiality statement 
agreed to. Of the returned questionnaires, eight were suitable for use in the AHP process and these
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data sets were thus captured into eight separate .mir files into MIR. To ensure anonymity, the 
questionnaires were identified by unique reference numbers, as opposed to using the names of the 
respondents. The data capture process and the method by which it was captured in MIR is discussed 
below.
Figure 5.3.2a shows a screenshot indicating the capture sheet that was used to set up criteria in the 
database. The first step was to capture the Criterion Name (in text format). All the primary criteria 
were evaluated using the pairwise comparison method -  a selection done using a dropdown list also 
referred to as a Weighting method. The Status of the criteria is set in the MIR database by default as 
"Active" (therefore it is possible to put a criteria "off" or make it "Not active" -  however this was not 
reflected on as part of this research). The Abbreviation assigned to the Criteria is captured for 
purposes of chart labelling since the full criterion name is too long to be used when displaying 
charts.
Figure 5.3.2a: Screenshot showing an example of the research criteria set-up screen
Figure 5.3.2b indicates the capture sheets that were set up in MIR using the same process as 
described for Figure 5.3.2a. The Ss (settlement type) sub-criteria was further analysed using a "Direct 
Rating" method, which considers options in a linear prioritisation (thus comparing the settlement 
types directly with each other: one versus the other), as opposed to the pairwise comparison 
method (which enables relativity to be spread across all the parameters).
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Figure 5.3.2b: Screenshot showing a research sub-criteria set-up screen
Figure 5.3.2b shows an image of the fully developed database, ready to be populated using the data 
collected via the questionnaires. Each respondent's unique identification number was captured
whereafter the results were entered as shown in the example presented in Figure 5.3.2c. In MIR 
software, a respondent is referred to as an "Evaluator", with a separate Evaluation sheet (the 
respondent's questionnaire) completed in the software for each evaluator.
Figure 5.3.2c: Evaluator questionnaire identification
With no data captured yet for an evaluator, the input screen shows all criteria value per pairwise 
comparison in blue, with a white question mark indicated in a blue circle alongside each outstanding 
record (Figure 5.3.2d). Sub-criteria values to be captured for the SS: settlement type criteria, which 
are evaluated in a direct comparison manner were entered in a similar fashion.
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Figure 5.3.2d: Screenshot showing the research criteria pairwise comparison data capture screen
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5.3.3 Capturing data via the MIR AHP interface
The results from the completed and usable questionnaires were captured in MIR by clicking the 
mouse cursor on the selected level of preference indicated by the respondent, on the questionnaire 
answer sheet. As data was captured as the values, selected by each evaluator it appeared in yellow 
per Evaluation sheet (Figure 5.3.3a).
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Figure 5.3.3a: Screenshot showing an example of the research criteria input screen with data 
captured for selected criteria
It was possible for a respondent to provide contradictory or inconsistent results (something that is 
commonly the case in complex decision making and criteria assessments that apply the AHP 
method). For example, a simplistic explanation of a contradictory situation would be: where criterion 
A is considered to be more important than B, and B is more important than C, then the respondent 
may indicate that C is not more important than A -  thus providing a contradictory response. This 
may not be prevalent where a small number of criteria is used, but the more criteria present, as was 
the case in this research, the more prevalent it becomes for respondents to provide contradictory 
responses. Due to the large number of criteria involved in my research, it was indeed possible and 
common for such contradictions to occur. The contradictions were automatically identified by the 
software and indicated with a circular red and green arrow (Figure 5.3.3b).
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Figure 5.3.3b: Screenshot showing a contradictory result provided by a selected respondent
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In addition to the contradictions discussed above, inconsistencies in the numeric assignment for 
criteria were also automatically identified by the software. Such inconsistencies are automatically 
indicated with a black exclamation mark in a yellow triangle. The software provides the suggested 
value in white text in a blue circle alongside (Figure 5.3.3c).
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Q  Average 
Q  Good
Pairwise com parisons in the context of: Which criteria is most important when considering development or service provision/upgra< 
l Improve consistency of comparisons
Expand all Hide descriptions
valuationcontext -  a . . .  .  . .
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Figure 5.3.3c: Screenshot showing an inconsistent value provided by a selected respondent
To ensure that the records in the database were accurate to enable assessments of the research 
results, it was necessary that all the contradictions and inconsistencies were corrected. The 
contradictions and inconsistencies were corrected sequentially as they were identified during the 
data capture stage, using the MIR automated processes described above. Each non-calibrated value 
was altered as follows: in the case of contradictions, values were one by one edited closer to the 
alternate criteria in the pair, until there were no more inconsistency in the specific criteria value. In 
the case of inconsistencies, the value suggested by the software, was changed where necessary.
This process was reiterated continuously across all criteria within each evaluator's set of responses, 
until there were no more contradictions and inconsistencies in the results per respondent. When no 
more inconsistencies were present and all the required data was captured, the software interface 
showed green tick-marks alongside each criteria on the left side of the screen (Figure 5.3.3d).
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Figure 5.3.3d: Screenshot showing no contradictions or inconsistencies are present in a 
respondent's answers and all records are complete
Once the data per respondent was captured, the results per respondent including the Eigen values 
that were explained in Chapter three were viewed. An example of the resultant data in terms of 
percentages is presented in Figure 5.3.3e. These values on their own do not yet provide insight into 
the outcome of the research. Normalisation of the results was therefore undertaken -  again, the 
software does this automatically.
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Figure 5.3.3e: An example of Eigen values during criteria evaluation
The normalised results enable easier understanding of the percentage-based analysis. An excerpt of 
some of the criteria's normalised results, for one of the respondents is visible in the MIR interface is 
presented in Figure 5.3.3f. This excerpt indicates for instance that this particular respondent 
considered Ps (ip) to be nine times more critical than Ss (settlement type); Ps(ip) to be six times 
more important than Ps(n); St to be eight times more important than Ps(ip), and so on.
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Probability of exposure to water supply infrastructure stress vs. Settlement sensitivity to stress 9 : 
1
Probability of exposure to water supply infrastructure stress vs. Probability of exposure to natural 6 :
feature stress 1
State of monitonng vs. Probability of exposure to water supply infrastructure stress 8 :
1
Capacity: behaviour vs. Probability of exposure to water supply infrastructure stress 9 :
1
Probability of exposure to water supply infrastructure stress vs. Probability of exposure to 3 :
stormwater runoff infrastructure stress 1
Probability of exposure to gutter stress vs. Maintenance: ownership 7 :
1
Figure 5.3.3f: Example of normalised preferences for selected criteria from one respondent, 
presenting the comparative weightings of his/her criteria
5.4 Analysis and results
5.4.1 Pairwise comparison: examples of individual responses
The results of the criteria analysis for each respondent's individual replies are automatically 
presented in pie graph format in the MIR software, indicating the percentage (%) importance of each 
criterion as it was selected during the pairwise comparison. Examples of five of the respondent's 
answers are provided in Figures 5.4.1a to 5.4.le. The software legend displays the criteria in 
alphabetical order. The graph legend presented in various colours are the same across all the 
Figures, therefore the evaluator results can be easily compared. The list starts with dark blue in the 
position of 90 degrees in right hand sector of the graph, moving in an anti-clockwise direction to end 
with light orange, again in the same sector.
From the results it was apparent that respondents in some instances hold vastly different opinions 
regarding the elements of vulnerability, manageability and capacity, even where the respondents 
had similar technical backgrounds. The graphs presented hereafter show how the criteria that plays 
a role in DRR for low-income settlements on dolomite is viewed differently by different individuals or 
pairs of respondents. Of the eight respondents, three pairs (referred to hereafter as pairs A, B and C) 
reflected similar results (Figures 5.3.1a, b and c), while two of the eight reflected different opinions.
188
Interestingly, the results that could be paired came from specialists who did not have the same 
technical background. Thus, the field of specialisation of respondents did not make a difference and 
seems to not have a significance with regard to the results. To ensure anonymity, the field of 
expertise of the respondents is not reflected in direct association with the Figures presented.
Two respondents (pair A, Figure 5.4.1a) considered C(b) and C(e) (Capacity: behaviour and 
engagement, indicated respectively at 21.7% and 23.7% in the figure) and M(m) (municipal 
regulation, at 17.8% in the figure) as the three primary focus areas where disaster risk reduction 
intervention could be applied to address low-income settlement risk on dolomite. They considered 
the state of monitoring (for example, the fact that monitoring is done and the frequency of such 
monitoring) as fourth most important focus area (at 12.7% in the figure) that could reduce low- 
income settlement vulnerability on dolomite. These respondents aimed their vision of disaster risk 
reduction for low-income settlements on dolomite towards non-infrastructure, administrative and 
socio-cultural interventions, where settlement type (Ss) had one of the lowest and most insignificant 
scores (at 1.3% indicated in the figure).
□ C(b)
• C(e)
□ C(i)
□ M(m)
□ M(o)
□ Ps(gt)
□ Ps(ip)
□ Ps(ir)
□ Ps(is)
□ Ps(n)
□ Ss
D St
Figure 5.4.1a: Results of criteria evaluation: example respondent pair A
In contrast, another set of respondents (pair B, Figure 5.4.1b) considered Ps(ip) (piped potable water 
infrastructure at 23.3% in the figure) and Ps(ir) (stormwater runoff infrastructure at 24.9% in the 
figure) to be the required key focus areas, with Ps(is) (sanitation infrastructure at 13.8% in the 
figure) as third most important to promote low-income settlement physical vulnerability on 
dolomite. Their focus was biased towards infrastructural types of risk reduction interventions, which
189
as a result do not place significant responsibility on owners, households, communities or 
municipalities for post-development or post-upgrading monitoring and maintenance. The settlement 
type (Ss) did feature as a relatively necessary consideration (at 7.4% in the figure). However, in 
comparison to the infrastructural interventions it remained at a low level of importance.
m C(b)
m C(e)
□ C(i)
o M(m)
□ M(o)
□ Ps(gt)
□ Ps(ip)
□ Ps(lr)
□ Ps(is)
□ Ps(n)
□ Ss
□ St
Figure 5.4.1b: Results of criteria evaluation: example respondent pair B
Respondent pair C (Figure 5.4.1c) seemed to have a more integrated approach regarding 
interventions, with M(o) ownership (at 14.9% in the figure), wet infrastructure (water and sanitation 
at respectively 15.8% and 15.3% in the figure), and St (the state of monitoring at 12.8% in the figure) 
being important. They considered a more nuanced approach that integrates development and 
upgrading of wet infrastructure, monitoring of the state thereof and allocation of responsibility for 
maintenance, as opposed to solely focusing on specific interventions or intervention types. As was 
the case with pair B, this pair of respondents did not consider the capacity of local communities and 
households (C(b) at 5.9%, C(e) at 3.1% and C(i) at 1.1% in the figure) to play a significant role in the 
reduction of disaster risk for low-income settlements on dolomite. Settlement type (Ss) was also 
considered an insignificant parameter in low-income settlement risk on dolomite (at 3.3% in the 
figure).
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Figure 5.4.1c: Results of criteria evaluation: example respondent pair C
Respondent D (Figure 5.4.Id) considered C(i) (income, at 28.1%) and the presence of natural water 
features (Ps(n) at 21.3%) to be critical, while respondent E (Figure 5.4.le) considered municipal and 
owner responsibility via manageability (M(m) (at 32.2%) and M(o) (at 15.7%) to play an important 
role in the disaster risk management of low-income settlements on dolomite. Both respondents D 
and E considered settlement type (Ss) not to feature as a significant factor in risk reduction for low- 
income settlements on dolomite (at 6.1% and 1.4% respectively).
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Figure 5.4.1d: Results of criteria evaluation: respondent D
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Figure 5.4.le: Results of criteria evaluation: respondent E
From the above-mentioned results, the prevalence of contrasting and disparate views of role players 
in the low-income settlement development and upgrading debate on dolomite becomes evident.
The results mirror the conflicting and dissimilar views that were voiced by workshop attendees and 
interviewees during the course of the research. In particular, results also mirror the debates that 
were identified to exist in the local South African literature regarding development on dolomite as 
well as the litigation and court cases that are still raging in this regard.
Based on the literature review and interactions with role players, it was expected that settlement 
type (Ss) would play a significant role in managing or determining the disaster risk level for low- 
income settlements on dolomite. However, the results of this study using the AHP method do not 
indicate such clear importance for settlement type and in most cases shows this parameter to play 
an almost insignificant role when considering addressing DRR for low-income settlements on 
dolomite.
5.4.2 Criteria pairwise comparison: overall results and analysis
The results of the pairwise comparison of the criteria were exported to Microsoft Excel™ to further 
calculate combined results in percentages across the respondents' inputs. Table 5.4.2 shows the 
criteria based on percentage with regard to the importance for intervention towards DRR for low- 
income settlements on dolomite. Figure 5.4.2 presents these results in graphic form with the vertical 
axis showing the percentage, and the criteria or parameters for intervention on the horizontal axis.
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Table 5.4.2: Overall results from pairwise comparison for all respondents
Criterion
abbreviation
Criterion short name Overall weight (% out of 
100)
Ss Sensitivity to stress (with settlement types as sub-criteria) 3.95
St State of monitoring 9.87
Ps(n) Probability of exposure to natural feature stress 5.61
Ps(ip) Probability of exposure to piped water infrastructure stress 10.47
Ps(ir) Probability of exposure to stormwater runoff stress 10.44
Ps(gt) Probability of exposure to gutter stress 5.73
Ps(is) Probability of exposure to sanitation stress 10.75
M(o) Management: ownership and related maintenance 8.02
M(m) Management: municipal 13.61
C(e) Capacity: engagement 8.17
C(b) Capacity: behaviour 6.62
C(i) Capacity: income 6.75
Figure 5.4.2: Graphed results from pairwise comparison for all respondents combined
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Most critical element: M(m)
The results of the overall AHP analysis of the questionnaire data as presented in Table 5.4.2 show 
that disaster risk management behaviour at municipal level is considered a critical parameter that 
can be harnessed to provide guidance in the low-income settlement development and upgrading on 
dolomite debate. This means that in the perception of the range of specialists that engaged in this 
research, municipalities play a critical role in driving the disaster risk reduction process on dolomite. 
Thus, the intervention at authority level is considered to have an important role to play in reducing 
disaster risk, to a much larger extent than may have been considered to date.
As referred to in Section 2.2.2 of this thesis, the City of Tshwane Metropolitan Municipality has 
implemented a DRMP to specifically address dolomite risk management in new developments, even 
though this process has not yet had a dramatic effect on individual stand level or on older existing 
developments. The Ekurhuleni Metropolitan Municipality have also taken a strong position to 
manage dolomite in their jurisdiction, via formal and long-term appointment of contractors to 
handle dolomite hazard incidents (Kleynhans, personal communication, 2012). Not all municipalities 
in the areas underlain by dolomite in and around the Gauteng City Region are yet placing as strong 
an emphasis on their role in managing the dolomite risk related interventions in areas under their 
control.
When considering housing development policy (as reflected by among others the Housing 
Development Agency, 2015), and practicalities of housing provision (as explored by Charlton (2013)), 
there is an increased need for integration between municipal management and planning 
programmes, and provincial housing policy and development planning processes. This requirement 
is particularly important to address disaster risk reduction on dolomitic ground, where monitoring 
and maintenance once housing development or upgrading was implemented, is essential. With 
regard to upgrading of informal settlements and the consideration of backyard dwellings, 
municipalities are thus faced with an additional challenge of bringing those currently unapproved 
and unmanaged areas close to controlled organisation or supervision it order to improve levels of 
disaster risk reduction on dolomite.
Wet services infrastructure monitoring and maintenance that is associated with municipal 
management procedures on dolomitic ground present opportunities for not only the reduction of 
disaster risk, but also allows for secondary benefits. Municipal-sphere engagement with 
communities and owners of dwellings in settlements that are located on dolomite could reduce the
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overall disaster risk in the municipality, thus reducing the municipal financial requirements for 
emergency attendance to sinkhole and subsidence formation. At the same time, such a 
management-focussed approach can address challenges of poorly or misunderstood housing, 
administrative and regulatory policies. Thus, while addressing one type of risk via pro-active 
management, a well-defined municipal engagement process could at the same time address 
community understanding of broader governance challenges that officials may face. Ultimately, such 
an approach promotes direct public engagement in disaster risk reduction through methods other 
than primarily avoidance and relocation away from of hazardous ground.
Second most critical elements: Ps(ip), Ps(is) and Ps(ir)
Reflecting the important role that guidelines (CGS, n.d.; CGS, 2007; DWA, 2009; DPW, 2010), 
regulations (SABS, 2012), and building codes (NDH, 2002) play in the development on dolomite 
debate, piped potable water (Ps(ip)), sanitation (Ps(is)) and stormwater infrastructure (Ps(ir)) are, as 
expected from the onset of the research and based on the literature review, high on the list of 
important criteria when considering DRR intervention for low-income settlements on dolomite.
The high perceived importance of these elements also reflect the conventional wisdom that is 
supported by engineering and geotechnical design and research.
The results thus also portray the need for financial consideration and budget allocation for housing 
development in and around areas underlain by dolomite so as to include provision for the 
installation and upgrading of wet services infrastructure to dolomite-safe standards. Unless budget 
allocation addresses low-income settlement vulnerability on dolomite, the continued existence of 
poor communities on dangerous ground will remain of paramount concern.
Third-level priority: St
As a third-level priority, the state of monitoring of wet infrastructure services (St) plays an important 
role in the management of low-income settlement disaster risk on dolomite. Currently there is a gap 
in both available literature and practical application in this regard since monitoring requirements is 
inconsistent across Gauteng and surrounding areas. In some areas monitoring is done as a regular 
occurrence and regulations require monitoring to occur. However, this practice is limited to formal 
settlements and approved upgrades. In addition, dolomite management programmes such as that of 
the City of Tshwane does not specify the frequency of monitoring, but rather leave is to the 
development agent or dolomite management agent to define the monitoring frequency and details 
of the monitoring process.
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Informal settlements, settlements with backyard dwellings, subsidised housing and even privately 
developed units or settlements have little to no dolomite-related monitoring regimes in place. The 
importance of monitoring of wet infrastructure to minimise and repair leaks has to be implemented 
as a priority at municipal and settlement level. Such monitoring has to be done regularly as a 
collaboration between authorities, owners and residents to ensure an effective risk reduction 
strategy. The importance of the state of monitoring in the results of my research reflect the high 
level of importance that is afforded monitoring and early warning programmes in broad-based 
disaster risk management strategies worldwide: by monitoring the vulnerabilities, pro-active 
intervention can be made towards risk minimisation and disaster prevention.
Fourth most important priority: C(e) and M(o)
This process of monitoring goes along with the pro-active engagement of residents in settlements 
located on dolomite, to improve their understanding of and acceptance of the risks they face. In 
addition, the process promotes awareness among owners of low-income properties regarding the 
risk their they or their tenants, and their property is exposed to when situated on dolomite (C(e) and 
M(o)). These two criteria are integrally linked whereby again, municipalities and authorities have an 
important role to play in providing information to the populace affected in this manner in an 
effective manner as well as in a format that explain the intricate technicalities in an easy-to- 
understand fashion. An element that has not been discussed in literature nor has been debated in 
courts to date is the risk that owners of properties on dolomite face, and the extent to which their 
lack of action regarding doline and sinkhole occurrence can be deemed an act of negligence, if 
damage to persons could have been avoided via early risk detection.
Criteria of slightly less importance: C(i) and C(b)
The level of income and behaviour (C(i) and C(b)) is relatively low on the consideration of potential 
to reduce dolomite disaster risk in low-income settlements. This is to be expected, since the level of 
income of residents in these communities does not afford them much room to finance disaster risk 
prevention measures. However, the behaviour of residents could have been expected to play a more 
important role in reducing the physical vulnerability of settlements on dolomite, considering that 
engagement (C(e)) is considered to play a more important role. The expectation is that the more 
engagement takes place, the more behaviour may change. However, since behaviour is to a large 
extent uncontrollable, it is true that official engagement and awareness programmes should be 
developed and implemented and that it may have a subsequent effect on reducing disaster-prone 
behaviour of low-income residents on dolomite.
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Although behavioural interventions appear relatively low down on the prioritised list of criteria, 
community engagement can lead to changes in resident behaviour, which, in turn, can have an 
impact on the reduction of levels of disaster risk on dolomite. The ideal would be a settlement in 
which monitoring of water leaks and ponding is reported and responded to as soon as it occurs, 
where municipalities roll out timeous maintenance processes and perform regulatory activities 
effectively, and where communities are aware while owners engage in safeguarding property and 
thus also livelihoods. Such interventions would not only reduce the need for crisis-based financial 
intervention, but also reduce the long-term financial expenses associated with sinkhole 
development that disrupts urban service delivery and supply networks for prolonged periods of 
time, and posing physical danger and financial risk to governing and private entities.
Less important criteria: Pr(gt) and Pr(n)
Although stormwater management (Pr(ir)) proved to be a very important factor in the consideration 
of low-income settlement disaster risk on dolomite, it is interesting to see the perceived low 
importance of the location of gutters. Not only are gutters a form of stormwater infrastructure 
(which was ranged highly), but local dolomite development guidelines such as those of the City of 
Tshwane (CoT, n.d.) focus in particular on the importance of ensuring that gutters do not terminate 
close to building foundations (ibid.).
The distance which low-income settlements are located on dolomite are from watercourses, 
wetlands and floodplains do not seem to be ranked as very important when considering the AHP 
research results. It is, however, necessary that this parameter be investigated from an 
environmental and geotechnical level at site or stand scale, since the vegetation, water level and 
subsurface geological strata may have a direct impact on the physical vulnerability of any settlement 
type, regardless of the presence of dolomite.
Lowest ranked criteria: Ss
Sensitivity of settlement type accounts for the lowest score of all: less than 4% of the considered 
criteria weighting. Even when the individual results of the AHP method was considered, the highest 
percentage that this parameter achieved was 7.4% (Figure 5.4.1b). This result therefore questions 
the perceived notion of informal settlement relocation that is primarily based on the nature of the 
settlement, dwellings forms and dwelling materials used. This result furthermore shows that the 
settlement type itself, in the perception of the selected specialists who engaged in this research, is 
not the most important factor in determining disaster risk management on dolomite. The mere fact
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of a settlement being informal, having backyard dwellings or reflecting characteristics of low-income 
settlements in general, is not a reason for discrimination with regard to disaster risk reduction.
Although the South African Department of Human Settlements (DoHS) remains committed to the 
eradication of informal settlements (through upgrading where feasible) through the NUSP as a 
programme, and are obliged under directives from the Presidency to upgrade in-situ, it is 
improbable that the envisaged outcome will be achieved in totality in the near future. This 
eradication and upgrade vision includes informal settlements that are currently located on dolomitic 
ground. This research suggests that a reduction in the physical vulnerability of low-income 
settlements may have to heed a more nuanced approach to monitoring, awareness and taking of 
responsibility for maintenance, as opposed to focussing primarily on wet services infrastructure 
provision and the perceived importance of settlement types.
5.4.3 Direct rating results and implications of settlement types
As described in Section 3.3.5 (elaborating on the nine-level scales used in AHP), the direct rating 
method in AHP indicates a number between 1 and 9. This scale denotes 1 as a very low impact and 9 
as a very high impact. The ratings for these direct assessments from the eight respondents were 
averaged to obtain the results reflected in Table 5.4.3. The results presented in the table relate 
specifically to settlement type (Ss) for which sub-criteria were identified and evaluated by the 
respondents. These sub-criteria were included in the assessment of the sensitivity of settlement 
types in particular, to establish whether the conventional wisdom in regards to settlement type 
(regardless of any other risk-based parameters included in the pairwise comparison research) may 
have an impact on the perceived settlement vulnerability.
Considering the very low perceived importance of settlement types though, as discussed in Section 
5.4.2, the results are not significant to influence the importance of the pairwise comparison results. 
In addition, the results presented in Table 5.4.3 are not surprising, since it follows the logical 
consideration that the less formal low-income settlements, the higher their perceived risk to 
dolomite impacts. The Overall direct rank (from 1 to 9) in Table 5.4.3 represents the average ranking 
of each low-income settlement type as allocated by each respondent.
As expected, informal dwellings are perceived to have the highest risk on dolomite, with no 
distinction made between the density of dwellings or construction materials. The direct rating values
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of settlement types across all the respondent's answers further show that even low-income 
settlement types such as walk-up apartments and single storey units that are built by using formal 
dolomite-approved construction methods are not considered to have a significantly lower level of 
vulnerability than informal settlements. Thus, all low-income settlement development or upgrading 
on dolomite remains highly risky and the degree of danger is not perceived to be significantly 
reduced by implementation of dolomite-accepted building standards.
Table 5.4.3: Low-income settlement type sensitivity to stress in regards to location on dolomite, 
based on direct rating using the AHP method
Short name/description Overall direct rank ( lt o 9 )
Not very dense shacks
9
Dense shacks
Not very dense informal dwellings (non-approved dwellings)
Informal dwellings (non- approved)
Houses with backyard units 7.5
Houses less dense, no special dolomite foundation 7.4
Single / free standing houses, no special dolomite foundation 7.3
Raft foundations single storey 6.4
Walk-up apartments/duplexes/ hostels, on raft foundations 6.3
No settlement 1.2
The relatively small difference of less than 3 numerical values (between 6.3 and 9) between the 
settlement types further allude to the high importance of a need to implement monitoring and 
awareness programmes to identify and correct water ingress and wet infrastructure leakage in any 
settlement, regardless of its level of formality.
The result of this direct comparison also further highlights the necessity for the implementation of 
dolomite-approved wet services infrastructure, ((Ps (is), Ps(ip) and Ps(ir)), as is reflected from the 
pairwise comparison results in Section 5.4.2. The combined result of the importance of appropriate 
wet services infrastructure (Ps), along with the notion that the type of settlement (Ss) that is built on 
dolomite does not make a significant impact on the ultimate level of risk (as per Table 5.4.3)
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supports the notion that it is "not necessary to confine housing strategies to conventional methods 
and technologies" (CSIR, 2000: 2). This reflection allows consideration for alternative types of 
dwellings (which may not necessarily conform to the dwelling forms routinely found in a particular 
township establishment) to be constructed on dolomite. This consideration would be possible as 
long as the wet services infrastructure provisions are suitable to reducing risk on dolomite. 
Alternative dwelling materials, other than brick and mortar, including consideration for alternative 
methods of foundation construction may therefore be an option on dolomitic ground. The need to 
make "space for incremental upgrading approaches in settlement types to provide sustainable and 
affordable levels" of basic service delivery "while ensuring acceptable and adequate functionality" 
(ibid.) could therefore potentially be met by considering a particular community's understanding of 
and willingness to live with a certain level of risk, in exchange for having access to other benefits that 
the urban environment offers.
5.5 Conclusion
The need to institute a "balance between established practices and new ideas and developments" 
(CSIR, 2000: 2) therefore remains not only valid, but becomes an important consideration when 
attempting to meet the need of communities to live with dignity and having access to basic services 
while waiting for, or not yet having access to social or government subsidy-funded housing. The 
results of this research, based on the pairwise comparison of criteria as well as direct rating of 
settlement types as sub-criteria questions the notion of considering non-formal dwelling and 
settlement types as well as construction materials as unsuitable on dolomite.
The multiplicity of viewpoints and elements that should be considered in a quest to resolve the 
dolomite conundrum mirrors the vigorous debate that remains rife in development discussions. On 
the one hand, for example, low-income or indigent persons may see an open piece of land as an 
ideal place to settle on to enable proximity for them and their families to job opportunities or other 
features that a city may offer, even if they may face some danger. On the other hand, others such as 
geologists, disaster risk managers or geotechnical engineers may perceive a hazard level that poses 
physical danger to a settlement as unacceptably high, as is often the case with areas affected by 
sinkholes and subsidence in and around Gauteng. In yet other instances, financial considerations 
drive decisions that require cost-effective implementation of basic services infrastructure solutions, 
while excluding the potential for highly technical or costly materials and engineering interventions to 
be applied. Where processes of litigation are implemented that focus on basic human rights and
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Constitutional virtuousness, the consideration of a right to a safe living environment, versus a right 
to housing in itself becomes contested.
As shown through the results of this study, it is primarily the after-care once development has taken 
place that requires focus. The monitoring of vulnerability of infrastructure and settlements, as well 
as subsequent intervention towards disaster prevention and early warning, in cases where water 
ingress pose a problem, should therefore be a key focus for officials, engineers, environmental 
scientists, academics, property owners and residents alike. Such monitoring processes exist in 
various degrees in formal development and upgrade scenarios across Gauteng, but these efforts 
have to be emphasised and customised for application in low-income settlements.
The results of this study highlight the potential application of the multiple criteria that play a role in 
the development-on-dolomite decision making process further, by proposing different viewpoints to 
not be addressed as separate entities. The key to finding a lasting resolution to the debate is to 
amalgamate the available measures to address different angles of the challenge. By implementing 
formal monitoring processes on the one hand, with established wet infrastructure solutions and 
municipal processes with community engagement and owner-awareness on the other, low-income 
settlements on dolomite would benefit from a variety of technical as well as non-technical risk 
reduction be implementations.
A combination of criteria as employed in my research and related geotechnical solutions would have 
to be defined for low-income settlements on dolomite in particular, since unique technical, 
geological, infrastructural and behavioural elements would apply as a solution towards DRR for any 
given settlement. The key solution lies in looking beyond the very necessary and valuable 
engineering and technical solutions focussed on grey infrastructure, towards the integration of post­
development or -upgrading monitoring processes, the implementation of formal water ingress 
controls, and engagement of communities with resultant behavioural patterning that focus on a risk 
reduction sequence. This is an important shift that my thesis calls for. Once officials and 
communities alike understand the role they all have to play in promoting less vulnerable living on 
dangerous ground, and longer-term resilience and sustainability in changing urban spaces, it may be 
possible to improve the quality of human livelihood as a whole.
The results from Sections 5.4.2 and 5.4.3 and the resultant discussion in Section 5.4.3 that integrates 
the pairwise comparison and direct rating that employed in the AHP method, showed that dwelling
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materials and settlement type do not matter as much as employing the appropriate implementation 
of waterborne piping and infrastructure types, and monitoring and reducing water ingress in 
reducing disaster risk on dolomite. While basic wet services delivery remain a challenge due to 
difficulty to operate and install such services in low-income settlement settings, these challenges can 
be overcome with new technological advances and budgetary allocations that focus on service 
delivery interventions as opposed to allocating the funding primarily towards dwelling formalisation.
It would be unfair to require of communities to contemplate alternative arrangements by weighing 
the cost-benefit between safe wet infrastructure services delivery to formal housing, especially if the 
decision is primarily based on budget constraints. Where limited budget for housing development is 
available there could be consideration of the acceptance of a certain level of informality while at the 
same time considering a basic level of water-based service delivery. In such a situation, which 
include development or upgrading of settlements on dolomite, the service should not be negotiated 
by means of removals or evictions, but rather funded through a dolomite increment that is added to 
the development budget, from for example the Municipal Infrastructure Grant (MIG) or Human 
Settlements Grant, while the individual subsidy is only used for the dwelling top-structure.
Such a focus would therefore allow for the implementation of suitable and safe wet infrastructure 
service delivery along with awareness programmes, community and ownership engagement and 
very importantly, the monitoring of wet infrastructure services at risk. What this research has shown 
is that ultimately, it is not the settlement type that determines the sustainability of a community, 
but rather the manner in which the entire community (including officials, engineers, residents 
owners of dwellings) collaborate towards disaster risk identification and -monitoring, early warning 
and action towards disaster prevention and mitigation.
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CHAPTER 6: WHERE COMMUNITIES MEET DANGER: CONCLUDING THE 
RESEARCH AND CONSIDERING FUTURE APPROACHES
"Rules are for laws; Guidelines are for people." 
(Eernink, 2012)
6.1 Introduction
This chapter considers the research process and challenges, and the outcomes of the research in 
context of the literature review and the research method, in relation to the wider implication that 
the research outcome has in relation to the physical vulnerability of low-income settlements. This 
outcome can be applied not only on dolomite but also on other types of potentially dangerous 
ground. This concluding chapter contemplates the limitations of the currently implemented 
solutions in terms of challenges of low-income settlements located on potentially dangerous ground. 
The chapter also highlights the need for additional parameters to be considered and avenues of 
research to be pursued, to not only improve the decision making process itself, but also to enhance 
the sustainability of development or upgrading of low-income communities who find themselves in 
danger of exposure to disaster risk or potential relocation due to the level of hazard exposure they 
face.
As discussed by authors such as du Plessis and Landman (2002), Osman and Herthogs (2010) and 
Enninful (2013) and supported in South African context by policies, including the National Housing 
Programme (NDH, 2004), the National Housing Code (DoHS, 2009) and NUSP (DoHS, 2011), a shift is 
emerging in the emphasis of urban development and low-income housing provision towards 
enabling more cost-effective sustainable living environments to emerge. This shift is placing new 
demands on not only financial and budgeting requirements, but also on planning and technical 
professions involved with the design and implementation of these human settlements. As a result, 
the professionals in particular are being confronted with the need to consider potential unfamiliar 
and unconventional approaches where physical and social sciences meet. It is expected that these 
professionals will increasingly turn to guideline-type documents as opposed to purely standards and 
regulatory boundaries in order to obtain the information they require to perform their work 
effectively (CSIR, 2000: 5). This introduces new and multi-faceted solutions to mainstream and 
historically proven avenues applied to development challenges.
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Within this multi-faceted and challenging environment, my research considered the physical 
vulnerability of low-income settlements on dolomite. In the context of Gauteng, South Africa, the 
available literature and consideration of settlement types, as well as guidelines related to 
development on dolomite, offers potential for supplementary approaches to the current decision 
making processes related to settlement upgrading, development or relocation. When considering 
the conundrum of locating or allowing low-income settlements to exist or be upgraded on dolomite, 
there is no easy solution -  a finding that is supported by the significantly varying perceptions 
reflected by the respondents that was part of the AHP assessment method as presented and 
discussed in Chapter five. However, within this variation of perception there are areas of 
commonality which could open avenues for disaster risk reduction intervention that both enable and 
place responsibility on officials and municipalities, as well as owners and communities of properties 
or dwellings that are located on dolomite.
As discussed in this thesis, the geotechnical standards and characteristics of infrastructure related to 
residential housing development on dolomite, as well as housing provision and housing policies does 
not commonly take into consideration human behaviour and community interaction to promote 
disaster risk reduction, especially after development is completed or handed over to new residents 
or owners. In addition, the technical training of engineers and scientists with regard to the dangers 
of developing and living on dolomite focus predominantly on prevention and pre-development 
interventions from a civil and geotechnical perspective, as opposed to monitoring and post­
development risk reduction that incorporates elements of social interaction and human behaviour 
(McLuckie, 2015). Finally, current standards and regulations regarding development on dolomite 
cater predominantly for middle to high income types, with low-income settlement types especially in 
the informal sector rarely being considered for development or upgrading (Kleynhans, personal 
communication 2012). In the case of informal settlements, upgrading in particular is actively 
discouraged (ibid.). The challenge with this status quo is that the speed of development and 
densification pressure that is characteristic of urban areas such as the Gauteng City Region is placing 
significant strain on the continued implementation of these conventional approaches.
My research indicates a need to increasingly consider additional parameters related to 
manageability from an official perspective and capacity of communities when deciding on the 
design, development, upgrading and/or relocation of low-income settlements on dolomite. These 
parameters associated with official and municipal elements of management and especially post­
development and post-upgrading monitoring of low-income housing located on dolomite, has
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emerged as a key focus area that needs to be incorporated into the current spatial and housing 
decision making and action plan processes in municipalities. However, my research also indicated 
that this incorporation of additional process elements and behavioural elements into the 
development-on-dolomite debate needs to be done in a framework that maintains conformity with 
geotechnical variables. Thus, I call for a more multi-disciplinary approach that opens up the 
possibility of considering management and reduction of disaster risk, by formally including municipal 
monitoring intervention and ownership responsibility, as well as community awareness.
By considering these additional elements of intervention that my research has highlighted, it may be 
possible to reduce the future disaster risks that relate to maintenance and monitoring of wet service 
infrastructure on dolomite as opposed to focusing primarily intervention during the design and 
construction phases of development. However, official management capacity and behavioural or 
social engagement constraints may present challenges to the practical incorporation therefore in the 
already sluggish development and upgrading process for low-income settlements. The same could 
be said for settlements located on dangerous ground in other instances, such as where flooding and 
landslides are prevalent (Prenger-Berninghoff and Greiving, 2015). Thus, the suggested interventions 
may be more effective if implemented via guidelines rather than attempting to incorporate them as 
standards and regulatory requirements. In this form, the guidelines would still be able to provide a 
measure of intervention and responsibility-taking while enabling the interventions to be customised 
to the specifics of the location, municipal structure and community where it is applied.
6.2 Responding to the research questions and objectives
6.2.1 Achieving the research objectives
The key question of my research was how low-income settlement types and risk related variables 
could be considered when using physical vulnerability assessment in addition to existing dolomite 
hazard classification processes. In this regard, my research identified significant differences between 
low-income settlement types, which in many instances especially where informality is high, are 
treated as the same type of settlement. Secondly, a range of parameters were identified and applied 
as criteria in the AHP process, thus showing not only how the AHP method can be applied with 
regard to physical vulnerability assessment, but also which of the criteria could be added to enhance 
the existing management of disaster risk on dolomite.
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As stated in Chapter one (Section 1.5.3), my research aimed to provide a basis for significantly 
improved understanding of the long-term sustainability implications of low-income settlement 
development or upgrading on dolomitic ground. In this regard, my research showed how the 
consideration of official manageability (including risk monitoring), as well as owners and 
communities raking responsibility for living with certain levels of risk, can enhance the potential for 
and improve sustainable urban living on dangerous ground. My research thus supports the reduction 
of human settlement vulnerability, with associated increased settlement sustainability. In addition, it 
highlights the importance of the need to consider the long-term repercussions of locking an urban 
region into a more sustainable built environment trajectory.
The study was guided by the following objectives, which it worked towards achieving as best 
possible. These were to:
• compile spatial data of the selected marginalised land types (i.e. dolomite), that supported 
the thesis discussion and enabled mapping of the study area and identification of specific 
locations that were included as sample sites in the research field visits;
• investigate the characteristics of low-income settlements related to its design and density in 
correlation to dolomitic ground -  something that was threaded throughout the thesis, and 
presented in Chapter four, Section 4.3, whereafter it was used as one of the research 
parameters of the AHM method (Section 4.4.2);
• investigate methods of assessing physical vulnerability of settlements and presenting related 
research outputs. After various approaches were considered and attempted, the MCA 
process namely the Analytical Hierarchy Process (AHP) was selected and successfully applied 
to collect data and obtain the research results;
• establish the relative importance of criteria of vulnerability, manageability and capacity 
related to low-income settlement types on dolomite. The results that were obtained through 
the application of the AHP method indicate the level of perceived importance of various 
criteria that relates to the physical vulnerability of low-income settlements on dolomite, as 
presented in Chapter five; and
• consider conditions that influence low-income settlement vulnerability on dolomitic ground 
as related to human behaviour, and determine the relevance thereof in decision making 
related to settlement development and/or upgrade.
These five research objectives were addressed and discussed in Chapters four and five, where the 
spatial data collected, field visits engaged in, low-income settlement types considered and classified,
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the physical vulnerability parameters related to the study identified and selected, and finally 
analysed using the AHP method. The introduction of this, my final thesis chapter, discussed how the 
analysis unfolded.
6.2.2 The importance of geographical location and changes in the natural 
environment when applying the research outcomes
With regard to the achievement of my research objectives (Section 6.2.1), it remains pertinent to 
consider that the geographical location and associated hazards in urban environments influence the 
behaviour of individuals and communities that inhabit these areas. Furthermore, the geographical 
location and associated hazards drive the economics and infrastructure that in turn affect the long­
term viability and sustainability of the settlement or area. Furthermore, this geographical 
environment governs the ecological processes that affect the availability of resources that are 
needed to keep a city alive.
Mileti (1999) defined sustainability in relation to natural disasters in part as the ability of a 
community to recover by utilising its own resources, which encompass the elements of economics, 
infrastructure and ecological processes. Elements that change the level of sustainability of a 
community include but are not limited to events such as storm occurrences, floods, earthquakes, air 
pollution, surface and ground water resource contamination, changes in biodiversity and a variety of 
other hazards (Rose, 2011), including subsidence and sinkholes. In the case of climate change, the 
hazards are exacerbated through the in the manner in which for example precipitation occurs, 
thereby influencing run-off, water ponding and the general characteristics of the geographical 
environment over time. Thus, the location of a low-income settlement in association with changes 
that takes place in its natural surroundings, not only present direct dangers such as changes in 
flooding probabilities, severities and extents, but may indirectly increase geotechnical risks such as 
those posed by dolomite through changes in dissolution of soil and changes in ground water levels.
6.2.3 Challenges encountered during the research
The method that I initially intended to follow during the research proposal stage and at the onset of 
the research was met with difficulties long the way. Some of the challenges encountered included:
an inability to gain access to specific geotechnical reports that reside in restricted libraries or 
are protected by client-confidentiality clauses; and
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• non-availability of some historical reports, due to it being archived in non-digital format and 
it not being accessible except via insupportable financial expense.
These document related challenges were overcome by engaging in verbal discussions with specialists 
who had knowledge of the particular details contained in some of the reports, and although based 
on their recollection of its contents, provided adequate information.
A more substantial challenge that arose during my research was that not all specialists who have 
knowledge of and access to detailed documents and information on development and upgrading of 
low-income settlements on dolomite were willing to engage in the research. As discussed in Section 
3.2.3, some specialists showed apprehension towards being identified or quoted, and preferred to 
remain anonymous. This, as well as the relatively small pool of dolomite geotechnical experts in 
South Africa who know one another and may have been able to identify each other's opinions with 
regard to especially upgrading of informal settlements on dolomite, compounded the sensitivity.
This made the quoting of information or perceptions difficult, thus challenging the potential 
application, strength and level of importance that may be attributed to my research.
Especially when it came to commenting on the details of the results of some of the studies they 
were engaged in, and where they may have differing opinions regarding the outcome than accepted 
in mainstream geotechnical environments, the challenge became a significant hurdle towards 
successful completion of my research. Since the details of the reports were not critical to my 
research the inability to access to these documents did not present a fatal flaw in the considering of 
the physical vulnerability of low-income settlements on dolomite. However, the challenge regarding 
conducting interviews necessitated the change in approach, which allowed anonymous interaction 
and inputs into the research.
Due to the above-mentioned challenge that limited the direct engagement or reference to specialist 
inputs into the research, I had to divert my initial research proposal, which was to develop a 
vulnerability curve (as per the original thesis proposal), towards the implementation of the MCA AHP 
method. The AHP method allowed consideration of parameters that may be contested and not 
usually integrated into one process when decision making regarding development or upgrading on 
dolomite is undertaken. The results that emerged from the successful application of this research 
and analysis method expanded the boundaries of conventional geotechnical applications of 
knowledge in regards to development on potentially dangerous ground and the incorporation of
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management and capacity criteria that are not usually considered when decision making regarding 
low-income settlement location or upgrading on dolomitic ground takes place.
Even though my research provided insight into the criteria that could enhance the decision making 
process when dealing with low-income settlements on dolomite, the challenge of professional 
sensitivities remains. I can say with confidence that the methods I selected as a result of the 
challenge helped overcome what emerged to be a real and justified sensitivity.
6.2.4 Applicability of the AHP method
In the international context, my research supports the potential to apply the widely accepted AHP 
method to the field of disaster risk and physical vulnerability assessment. The approach 
substantiates the successful application of the use of this method to integrate the multiple criteria 
that are commonly present in disaster risk assessment and risk reduction research.
In the context of the existing South African housing and urban development policy environment, the 
application of the AHP research method confirms the need for change to be incorporated in the 
manner in which settlement research is approached and the way in which practical development 
and upgrading of low-income settlements is effected. By applying this research method, the 
difficulties that arise when considering the expected significant increase in Gauteng's population 
count as a growing urban region, could be approached in a systematic manner that does not 
implicate role players who may not necessarily agree with conventional or mainstream procedures. 
When the question comes to mind as to what is most desired, such as whether more advanced 
building requirements should precede or dominate as opposed to relocation and associated 
community disruption, the AHP method could be used to eliminate even internal conflicts that 
specialists may be struggling with when determining suitable development avenues.
6.3 Low-income communities living with risk
6.3.1 Continued prevalence of life on dangerous ground
The plight of low-income communities who live on hazardous ground worldwide remains difficult to 
address even where financial capacity, human resources and knowledge abound. The technical and 
policy related difficulties in solving their situation tend to turn their impoverished and deprived 
situation into an ever increasing and enduring barrier from accessing prosperity and quality of life.
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Where low-income communities settle close to or inside cities, they often find themselves knowingly 
or unknowingly located on dangerous ground. In instances where official financial resources to assist 
in addressing their plight are restricted, and with space in the city at a premium, the result is forced 
consideration of development and upgrading of settlements on the marginalised and potentially 
hazardous ground that would be avoided during the formal course of development in its ideal form.
These marginalised spaces that occur in-between established and planned settlements are exposed 
to not only dolomite hazards, but also floods, soil contamination (in the Gauteng City Region 
specifically related to mine residue areas (Gualandi, 2016)), and ground movement (Lesupi, personal 
communication, 2016). Where they are aware of the risks, communities may consider the risk versus 
the benefit of living in such potentially dangerous areas, with the potentially real and immediate 
benefits often perceived to outweigh the sometimes uncertain or unpredictable risks.
The concern in this regard, in particular from a town planning and regulatory perspective, is the 
location of not only low-income, but in particular informal settlements. Even though geotechnical 
considerations are well founded and placed to address the challenges associated with potentially 
dangerous surface and subsurface environments in a formal development context, the persistence 
and increase of settlements in the informal livelihood sector remain. The situation goes further than 
dolomitic ground alone, and is present in large cities countrywide (CoCT, 2005) and worldwide 
(Dutta and Tingsanchali, 2003; Sagala, 2006), where settlement takes place on slopes, in wetlands 
and on floodplains (Figure 6.3.1) and other similar unstable or unsuitable locations.
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Figure 6.3.1: Risk versus benefit: An example where although exposed to flood risk, the risk of 
living in a dangerous area outweighs perceived benefits of access to water, transport routes, jobs 
and grazing for livestock (Port Elizabeth, South Africa)
Source: Author's photograph (2011).
In the formal urban environment it is procedurally manageable, although not always uncomplicated, 
to apply development and planning guidelines and standards (Ahmad, 2013). However, informal and 
low-income areas are more difficult to direct, control or manage, and the development and 
upgrading process is often governed by a completely different set of unwritten rules, legal 
contestations and role players that may not always understand or engage in the decision making 
process. In addition, the current legislative, policy and regulatory environments are fraught with 
technicalities that are difficult for non-specialists, especially community members, to understand, 
least of all to act upon. The result is a significant rift between low-income communities whose basic 
needs are to be met, compared with legal and practical elements that govern formal planning and 
disaster risk reduction.
6.3.2 Wider implications of the research results
Chapter five presented and discussed the specific details related to the results of the application of 
the AHP method. On a broader level, apart from the direct findings evident from the outcomes of 
the AHP method assessment, another significant discovery emerged. The literature review and 
legitimised knowledge related to the matter of low-income settlement development and upgrading 
on dolomite seem to differ dramatically from the perception that some qualified individuals hold
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regarding the potential for integration of non-conventional wisdom and undertakings into the 
established geotechnical approaches to development and upgrading as well as wet infrastructure 
service delivery on dolomite. This finding is important in particular in the context of low-income 
settlement typologies that were identified and considered during this research. There seem to be 
little differentiation in current literature, research and application in the policy and development 
context, as well as during litigation, between different low-income settlement types, especially when 
it comes to informal settlements.
My research highlighted a concern that all informal settlements in particular are treated as similar 
entities, without consideration of both physical differences and the different socio-behavioural 
elements related to communities living in them. Conventional wisdom thus remains un-nuanced 
when it comes to the consideration of the physical vulnerability and differences in physical 
vulnerability levels that are associated with disaster risk, between low-income settlements. In the 
same vein, the manner in which authorities, specialists, owners and residents engage with regard to 
the manageability and capacity for disaster risk reduction remain in many such cases overlooked. 
This finding is furthermore important in the context of the identification of settlement typologies for 
town planning and commercial purposes, thus identifying a need to increase consideration of more 
variation and differentiation to be included when such settlement types are identified and classified.
In addition to the above, my research alluded to professional sensitivities that exist around the 
application of conventional wisdom and related standards and regulations, and the ability or interest 
of the scientific and technical community to challenge some of these conventional approaches or 
include additional non-technical parameters in the development and upgrading decision making 
process. Thus, in addition to the direct findings related to the research method, my research alludes 
to the potential importance of peer pressure in promoting future alternative approaches to be 
included into the development-on-dolomite debate. In this regard I conclude that conventional 
wisdom needs to be challenged and that a way must be found for the guidelines in regards to 
development on dolomite to be refined even further than the latest SANS (2012) standards do. 
Alternatively, municipalities or housing development authorities need to have the courage to base 
their decisions and developmental approaches on the findings of my research, so as to start 
demonstrating their willingness to test and adopt the relevance of new approaches.
Standards and guidelines for development on dolomite have come a long way since the early 1970s 
when this subject first emerged as a focus of geological and geotechnical research in the South
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African context. Recent and fairly new considerations such as the design of subsidy-funded walk-up 
apartments (EMM, 2012) and the integration of management plans and monitoring requirements 
for developments on dolomite (CoT, n.d.; SANS, 2012) shows a willingness from both authorities and 
technical sciences to consider alternatives and additions to the previous options for development on 
dolomite. The addition of parameters such as those that emerged from the results of the AHP 
method would not only strengthen the current community awareness processes that are under way 
in some municipal areas, but allow for it to be included in the formal processes related to decision 
making when development or upgrading on dolomite is being considered in regards to low-income 
settlements.
In the attainment of quality of place for human settlements (as defined among others by the CSIR, 
2000), uniqueness of not only the ground that is being constructed on and the type of dwellings and 
layouts that are considered, but also the human factors of awareness, responsibility-taking and 
ownership of risk should be embraced. These latter characteristics of settlements are not physical in 
nature and more difficult to gauge, engage with and affect changes to when needed. The 
development and provision of guidelines, standardisation requirements and regulations alone are no 
longer adequate to deal with the challenges associated with human settlement development (ibid.). 
In addition, settlement design should also be more responsive to the different natural landscapes in 
which it is situated (ibid.). By applying additional parameters in decision making considerations, as 
illustrated in Chapter five, the characteristics of such criteria can be harnessed towards improved 
decision making as well as amelioration of the susta nability of urban living spaces. However, when 
official or municipal manageability, community beliefs, behaviours, awareness and capacity are 
added to the disaster risk reduction processes that are envisaged for human settlement 
development (UNISDR, 2015), processes become more complicated. Although the principle of 
manageability and capacity are therefore envisioned to emanate through housing development 
programmes and policies, its practical implementaticon is challenged when applied to especially low-
income settlements on dolomite, as shown in my study.
The following areas of interaction were in particular highlighted as important to consider in the 
debate on development and upgrading of low-incorVie settlements on dolomite, even if it may add 
complexity and require more time and other resour 
• exploration of more detailed differentiation 
especially in the informal housing sector;
ces to resolve:
between different low-income settlement types
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• focussing on the practical implementation of sound and regular monitoring practices for wet 
services infrastructure development on dolomite;
• inclusion of formal engagement with owners and residents of dwellings in low-income 
settlements; and
• introducing a measure of customisation of development and upgrading outcomes that suits 
both naturally occurring environmental hazards, as well as promote community 
understanding with regard to living with risk and being directly involved in disaster risk 
reduction in their living area.
6.3.3 Sustainability of urban development in context of low-income settlements
One of the key issues in achieving urban sustainability is to work harmoniously with the natural 
landscape, rather than causing breakdowns in natural systems (CSIR, 2000). Dolomite landforms are 
part of a natural system of geological processes and soil formation that perpetuates its 
transformation over hundreds and even thousands of years. Thus, in opposition to operating with 
these landforms as an enemy to the urban form and function, an approach of working with dolomite 
characteristics could enable more sustainable settlements. By introducing officials and communities 
to a better understanding of and caring for dolomitic land, in the same manner as is commonly 
recommended for example wetlands, an approach of responsibility, care and custodianship of the 
dolomitic environment could be promoted. Such an approach could introduce the concept of living 
sustainably alongside the hazards the environment pose, as opposed to viewing the potentially 
dangerous land as a negative entity.
Such a change in approach requires stakeholder participation by not only the technical and scientific 
fraternity, but also includes the informed and pro-active engagement of officials, landowners and 
residents of affected properties or areas to be involved. Whereas wet services infrastructure such as 
stormwater culverts are traditionally viewed as interventions that are used to fight a "common 
enemy" (ibid.) such as floods and erodible soils, the water-based enemy or threat could instead be 
viewed as a potential supporter of an improved understanding of the natural environment and its 
geological processes. This could enable officials and communities alike to understand the nature of 
the hazard and the impact that it may have on them or their constituents better. In turn, they may 
then become empowered to also better understand their own vulnerabilities and be able to counter 
the hazards and vulnerabilities where possible with appropriate managing and capacity-building 
interventions. Ultimately, the intention is thus to reduce disaster risk and increase official and
214
community resilience to hazards that will only put increased pressing in future as urban areas 
densities.
In the process described above, the potentially dangerous ground thus becomes an integral part of 
society and community life, and their living within this environment in a sustainable manner could 
shape their day-to-day behaviour to focus on risk reduction. On dolomitic land, this process would 
engage the entire community to be involved in improved care for wet services infrastructure, and 
engaging in ongoing and frequent monitoring of potential areas of water leakage and ponding. In 
this context, prevention of doline and sinkhole formation through observation, engagement, 
reporting to officials and maintenance of potential elements of concern would promote positive 
interaction with their living environment. This approach, however, require official engagement and 
actioning to ensure that the community has faith in the upkeep of both parts of the engagement -  
theirs and the governing structures involved.
6.3.4 Costs versus benefits when including additional considerations in decision 
making
The implication of the consideration of the inclusion of additional criteria or parameters when 
making decisions regarding development and upgrading on dolomite is to contemplate whether the 
potential increase in time and resource cost (human, financial and related) can indeed be afforded 
or implemented. A notion central to my research is to promote a move away from a predominantly 
responsive approach towards disaster risk mitigation and prevention programmes, where risk is 
avoided as far as possible through pre-emptive design, construction, maintenance and societal 
behavioural intervention. As such, the consideration of the initial time and cost that may thus be 
initially spent on the inclusion of supplementary interventions would counter the longer term, 
ongoing and rising cost of settlement relocation, and rehabilitation of ground that are subjected to 
hazard occurrences.
As explained earlier, despite the existence of well-intentioned and scientifically founded guidelines 
for geotechnical assessments and the implementation of standards for development of certain 
settlement typologies and densities on dolomite these guidelines and standards remain largely 
unresponsive to development contexts of informal development and informal settlement upgrading, 
irrespective of the actual level of hazard, vulnerability and ultimately disaster risk that is involved. 
Despite the efforts of engineers, geologists and planners alike to overcome the difficulties associated
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with low-income settlement development and upgrading, the regulatory and policy environment 
remains uneasily navigated, and communities living on dolomite remain in intense conflict with 
some of these role players and governing processes.
During consideration of the physical vulnerability characteristics that are present when attempting 
to live more safely on dolomite, my research has shown that there is a need to understand the 
varying disciplines and perspectives that relate to a differing set of costs and benefits. This goes 
beyond technical interventions and directly engages governing processes and community behaviour. 
It is recognised that the inclusion of each new approach has the potential to create additional 
conflict elsewhere in the complex set of parameters, in turn translating into additional challenges 
when searching for a solution. Still, for a long term and more sustainable solution to be found, the 
choice for development or upgrading of low-income settlements on dolomite needs to be 
considered from the perspective of all the disciplines involved, including those not directly related to 
engineering and technical solutions. Such an approach, although probably more costly in terms of 
time and resources, has the potential for a positive impact on not only the debate, but also the 
practicalities related to urban sustainability, especially in densifying urban areas where hazards and 
vulnerabilities will persist.
6.3.5 Responsible parties in disaster risk reduction
Current housing development, upgrade and service delivery policy does not place much emphasis on 
the influence or behaviour of municipal entities landowners and communities in risk acceptance and 
risk management. Although the National Disaster Management Act (RSA, 2002) and the National 
Disaster Management Framework (RSA, 2005) and the like; nor does it consider the level of 
interaction and awareness and implementation of special measures to reduce hazardous situations 
on dolomite, at governmental/administrative and community level. The results of this research 
shows that the level of monitoring, engagement, and implementation of these processes to address 
risks and behaviour of individuals and communities need to get a lot more attention in order to 
reduce the risk that settlements are exposed to, when located on dolomite.
When discussing disaster risk attribution and reduction, the question arises as to who would take 
responsibility for resident's health and safety and loss of property in case a disaster occurs. Based on 
the United Nations HFA and Sendai Frameworks (UNISDR, 2005; UNISDR, 2015) and Fluman Rights 
legal framework (GSDRC, n.d.; WaterLex, 2011), governments are accountable for implementing DRR
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measures -  the plethora of dolomite-related regulations, standards and guidelines in South Africa 
demonstrates that. However, the regulatory framework should ideally also reflect a balanced view of 
levels of accountability afforded individuals or communities, as opposed to placing the liability on 
Government alone. To my knowledge, and through the exploration of my research, no evidence 
exists that the level of disaster risk that low-income residents may be willing to accept and possible 
subsequent acceptance of their own accountability in terms of the risks they are willing to live with, 
plays a role in development and upgrading decision making processes on dolomite in Gauteng.
Geologists often have to rely on experiential judgement to determine unknown or uncertain 
elements encountered during the investigation (Heath, personal communication, 2011). In addition, 
uncertainty increases with an increase in the potential interpretations by individual geologists based 
on their unique understandings of "invisible" geological strata and zones across a site, or in relation 
to the regional geological sequence. Furthermore, uncertainties exist in relation to the exact nature 
of the underground situation, as based on selected borehole records, which may be influenced by 
sampling errors. Potential sampling errors could emerge due to the particular (regulated) density of 
boreholes and the sample spacing, which even though well designed and well intended, may cause 
important flaws or strengths in the subsurface characteristics to be overlooked.
van Westen, van Asch and Soeters (2006) agreed that Varnes (1984) presented one of the most 
useful definitions of risk, namely the expected number of fatalities, injuries, property damage and 
economic activity disruption, due to a particular hazard occurrence within a defined geographic area 
and within a specific time period. Usually, the level of hazard is considered in terms of the expected 
losses for all different types of the elements that are at risk. Internationally, there is a plethora of 
methods and formulae that have been developed and used to quantify or qualify physical and 
geographical risk. Most of them are based on the same principles of the intersection between 
vulnerability and the presence or probability of hazard. For example: van Westen et al. based their 
formula of landslide risk on Varnes (1984), Fell (1994), Leroi (1996) and Lee and Jones (2004); and 
this study uses techniques that were first used in the 1970s (Saaty, 1970) to determine indicator 
weightings.
Kirsten et al. (2009) and Coetzee et al. (2010) applied the consideration of personal safety to living 
on dolomite. Although these studies play an important role in unpacking the risk-on-dolomite 
debate in Gauteng, they do not consider settlement type in detail, nor behavioural-linked indicators 
at government and community level. Through the combination of a variety of indicators, the AHP
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method used in my research may open the way for future alternative considerations when making 
decisions regarding developing or upgrading low-income settlements on dolomitic ground.
6.3.6 Development and upgrading of low-income settlements on dolomite: a call to 
consider individual settlement characteristics
Traditionally, wet infrastructure construction on dolomite is treated as being significantly different 
from "normal" wet infrastructure in geotechnical circles. However, in some cases these differences 
are not alluded to in housing literature. For example, The Red Book (CSIR, 2000), in particular 
Chapters 6 to 12 that deals with engineering related issues of human settlements, makes no specific 
mention nor does it consider the different geotechnical interventions that are applicable on 
dolomitic ground. This gives the impression to the uninformed reader that all wet infrastructure 
could be handled in the same way, which is not the case. Thus, the potential for sustainable living in 
dolomite affected urban areas are undermined by inadequate information sharing with officials who 
may be new to the area where different disaster hazards may be prevalent than what they are used 
to or have been exposed to in the past.
As this research has highlighted, and something that was especially prevalent during engagements 
with local community representatives during the course of the research (GCRO, 2012a), the current 
housing policy and developmental guidelines, in particular those relating to development on 
dolomite remains, are difficult for the average person to understand. Thus, the solid scientific 
foundation of geotechnical investigations and recommendations for reducing the level of risk that is 
present when living on dolomite, is weakened and not integrated into society in a manner that 
would ensure comprehensive understanding of the level of risk that is present nor the reasons for 
and methods of reducing the risk.
In addition to this technical pursuit, it is necessary to address the assumption that low-income 
settlements take similar shapes and forms across geographical spaces in South Africa. Thus, instead 
of being treated as similar entities with the same characteristics, low-income settlements should be 
viewed as delineating potentially significantly different settlement types, as was identified and 
discussed in my research. In turn, this recognition will affect budget allocations, housing design, 
construction interventions, as well as community engagement and public participatory processes 
when development, upgrading or relocation of settlements is considered. In this form, low-income 
decision making can promote the pursuit of urban sustainability, even if it means that the time
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frame for implementation and resources allocated to the process may have to be reconsidered. Such 
sustainability then directs lower future maintenance and rebuild options, due to construction as well 
as behavioural intervention that take place in the pre-development stage.
When low-income settlement development and upgrade is considered in the context of DRR, there 
are more issues to take cognisance of than those addressed via housing policy, disaster risk 
management, geotechnical analysis and urban development spheres alone. My research highlights 
the need for consideration of additional low-income settlements types, along with alternative 
management and capacity (including behavioural) interventions to be implemented when 
considering the development and upgrading of low-cost housing on land that present dolomite 
hazard levels, especially where these hazards are considered low to medium in intensity. As a result, 
urban sustainability could be promoted.
My research has highlighted that no significant differences are perceived to exist in the distribution 
of risk across different low-income settlement types. As expected, the range of possibilities for 
decreasing risk of low-income settlements on dolomite remain dependent largely on the 
infrastructure decisions that are made when developing or upgrading the settlements, combined 
with the ability of authorities and communities to manage the risk and behave in such a way as to 
reduce the risk. This low level of perceived importance of the difference between informal and 
formal types of low-income settlements, coupled with the importance of infrastructure solutions 
indicate that there are indeed possibilities for informal settlements to gain access to wet services, 
should adequate resources and commitment towards sustainable risk reduction be applied by all 
parties involved. Thus, the implementation of options would be based on the unique characteristics 
of a site, the type of low-income settlement, the community that lives on it and their behaviour, and 
the government and official management interventions. Importantly, my research highlights that 
possibilities may exist in for development of low-income areas or upgrading of even informal 
settlements on dolomite, at the same time as governance processes and behaviour at household 
and community level would have to be applied to reduce the level of disaster risk.
6.4 Relevance of my research results
6.4.1 Engaging alternative and additional perspectives
When deconstructing the situation of low-income settlements on dolomite a relatively limited 
number of role players have been involved to date. These groups (including but not limited to
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geotechnical engineers, geologists, planners, housing development agents and communities) display 
a range of sometimes vastly different approaches and understandings regarding the appropriateness 
of development and upgrading options for low-income settlements on dolomite. This wide range of 
responses that was evident from the perspectives obtained from the research method, as discussed 
in Chapter five, translates into a multitude of potential options of how the weighting of parameters 
in the debate is applied and how changes in a real-world situation may change the level of disaster 
risk.
My research provides a framework within which to perform similar evaluations for individual 
settlements on dolomite and allows alternative viewpoints to be included and evaluated in terms of 
the impact that it may have on the level of risk. My research also brings to light that informal 
settlements in particular may benefit from such an approach to upgrading decision making, since 
there does not seem to be a significant difference in levels of disaster risks when compared to 
formal settlement or dwelling types. Some of the key variables in affecting the level of risk, namely 
intervention in regards to monitoring and maintenance, points to the need to consider the level of 
responsibility for these elements that communities could accept in order to achieve access to basic 
wet services.
My research also shows that it is possible to evaluate different viewpoints and technical elements of 
the debate, using for example the MCA AHP method. The building blocks of the evaluation method 
are not at all new -  in fact, some elements thereof have existed for over 40 years (Saaty, 1970). 
However, the manner in which these variables are applied in my research provides new possibilities 
for disaster risk reduction and decision making in regard to consideration of disaster risk reduction, 
not only in the context of dolomite but also with regards to other hazards. The opportunity 
therefore exists to apply the same method in other environments where different indicators for 
physical vulnerability may be applicable, for example in severe storm- and flood-prone area or areas 
with unstable or erodible soils. In turn, such wider application gives a certain level of global 
relevance to the research and opens up possibilities to explore disaster risk in a more multi-faceted 
manner.
The thesis shows that it is indeed possible to examine the application of physical vulnerability 
evaluation in situations where different role players have vastly different perceptions of levels of 
risk. An important result emerging from this study is that there is possibility to provide guidance in 
the level of risk that communities living on hazardous ground face, using more angles than purely
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that of technical intervention. This means that possibilities exist for government agents and 
communities alike to reduce the levels of disaster risk they are exposed to. From a government 
agency perspective, the risk they are exposed to relate to future increased maintenance if 
infrastructure is either deliberately damaged or not adequately monitored and maintained, or in a 
more subtle form through, for example, service delivery protests and litigation. Government agency 
risks in particular can be addressed by introducing elements of manageability as elaborated on in 
Chapter five of this thesis. On the side of owners and communities, the potential for disaster risk 
reduction lies in the ability of government to enable these role players to understand and live with 
the risks they face, and provide them with capacity for self-management, by including increasing 
awareness and instituting behavioural change, towards reducing hazard probabilities.
Whereas studies in the individual disciplines involved in development on dolomite risk assessment 
focus on specifics related to each particular discipline, my study linked the interactions and the 
relationships between the human/social and engineering/geotechnical factors that influence 
disaster risk. Through this approach, the study's findings call for a move towards a more integrated 
method of both socio-cultural and geotechnical intervention, focussing on the introduction of a 
more collaborative approach to the challenge of dolomite risk reduction where low-income 
communities are involved.
6.4.2 Low-income settlement type assessment
The low-income settlement types defined in this research shows that characterisation of settlement 
types as defined for purposes of this study would be virtually impossible to delineate spatially in a 
real-world situation, due to the multiple contortions of settlement forms in low-income settlements, 
especially where high levels of informality are present. This is due to a variety of reasons, including 
the fact that subsidised housing, basic services and infrastructure provision as well as household and 
community behaviour may differ across geographies. In the real world, considerations regarding 
settlement types and suitability on dolomite are complex, especially when the ranges of 
geotechnical classification of dolomite hazard levels versus behavioural interactions are deliberated.
On a housing policy and development implementation level, this complexity calls for a potentially 
alternative approach to addressing the unique intricacies that the situation brings with it when 
dealing with low-income settlements. Currently it applies when the situation deals with an almost 
ideal world where the geographical area and community that is intended to live in the settlement
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conform to a considered norm without significant geographical or socio-cultural challenges.
However, due to the vastly different geographical hazards in particular, as discussed in this thesis, a 
blanket approach towards low-income settlement development and upgrading on dolomite is not 
possible -  neither in respect to different settlements across the Gauteng City Region, nor within 
settlements or even small fragments of townships or suburbs. This approach is called for in the 
recent research of Kornienko (2013), which with regard to an informal settlement in Johannesburg 
proposed the consideration of differences within individual settlements to determine the manner in 
which service delivery and upgrading is approached. Kornienko (2013) calls for an approach in which 
different areas within a settlement should be treated in unique ways and that the possibility exists to 
handle different sub-placements within settlements differently with regard to services delivery.
6.4.3 Quest for understanding of policy and practice
In an effort to transition toward increasingly sustainable human settlements, housing development 
and urban management aims to unbundle the multi-dimensional disaster risk challenge in a 
constantly changing spatial context. This change management component is necessary to enable 
human settlements to undergo change in its geography and characteristics over time while 
considering the multiple trans-disciplinary variables that are involved. My research proposes that the 
risk of settlements on dolomite, especially for informal settlements, may be countered to some 
extent by engaging not only technical experts, but also with officials and communities at risk in the 
policy design process that underpins housing development and upgrading decision making 
processes. The results of my study may thus open the door for clarification of elements that mitigate 
the risk via manageability and capacity elements of the disaster risk reduction process. For example, 
better understanding and cognisance of residents with regard to the risks they face and the policy- 
based decision making processes that enable wet services infrastructure delivery may assist them to 
identify potential problems and alert official channels of engagement, so that action can be taken 
speedily.
Considering the large percentage of land in Gauteng and surrounds underlain by dolomite, a large 
percentage of the population living in the region still has little understanding regarding the risk it 
presents (GCRO, 2012a). In particular, the meaning of dolomite hazard classifications, 
characterisations and descriptions of hazard levels and associated guidelines, as well as housing 
policy details are not well known to communities and in some cases even their representatives when 
disputes regarding service delivery restrictions based on dolomite hazards are present (GCRO,
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2012a; CoT, 2013b). For example, ward councillors, ward committee members, community leaders 
and even housing construction service providers who may not entirely understand the need for 
restrictions or specific regulations often have little knowledge of elements that are critical to 
dolomite risk management including:
• potential constraints related to non-upgrading or non-development;
• required geotechnical investigations and associated costs;
• dwelling specifications for different building classifications;
• allowed densities and reasons for such density allowances as well as the need to not exceed 
the allowed densities;
• requirements during construction; and
• maintenance and prevention/mitigation requirements ad infinitum after construction is 
completed (ibid.).
While these listed factors impact on the level of risk that any development on dolomitic ground 
poses, the technical background is considered by some of these role players to be too complicated 
and in some instances believed to be driven by a conspiracy to avoid service delivery or settlement 
formalisation (GCRO, 2012a). Thus, technical interventions and explanations alone are inadequate to 
enable a lasting solution to the challenge. Community-based interaction seems to be critical in order 
to create awareness, enhance understanding and disseminate information regarding the risks that 
they face and the opportunities to their disposal for reducing dolomite related disaster risk (Lesupi, 
personal communication, 2016).
6.5 Future avenues of research
A number of alternatives or additions to the AHP method that I applied are possible. Such 
alternatives and additions of parameters would influence the physical vulnerability outcomes and 
resultant possible interventions and associated interpretations of levels of disaster risk. In this 
manner, future research is proposed to consider not only additional or alternative parameters, but 
also consideration of the effect that these additional criteria would have on the risk and intervention 
outcomes.
Another next step would be to consider the levels of acceptability of risk at community level, 
meaning how much risk residents would be formally willing to live with in order to gain certain 
benefits in return. Whereas formal settlements are able to accept the risks of living on dolomite and
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not being covered by homeowners' insurance (CFG, 2014), low-income settlements and particular 
informal settlements do not currently have that option. I therefore propose a shift in the 
development-on-dolomite debate from the current situation in which technical questions dominate 
discussions, to one where the social elements of taking responsibility for actions, monitoring, and 
engagement in maintenance regimes of wet services infrastructure come to the fore. In particular, as 
has emerged from the research results, it is important for municipalities to ensure effective 
monitoring and after-development implementation maintenance programmes. In low-income 
settlements, the engagement and actions of individuals and households within these communities 
therefore become significantly important. I encourage that there should be closer engagement and 
interaction between communities and officials, in order to improve their mutual understanding of 
the process of housing development and upgrading as well as reduction of disaster risk within 
human settlements.
The results of this research, however also highlight the continued importance of geotechnical 
considerations, showing at the same time how critically important understanding of risk, 
engagement with risk and behaviour to reduce risk at municipal and community level is. The current 
guidelines and standards for dolomite hazard classification in South Africa provide a firm basis on 
which the geotechnical intervention required for development and upgrading of human settlements 
is based. The need for these regulated processes is confirmed by my research results, since without 
the application of the established procedures for dolomite hazard assessment, the risk cannot be 
defined. However, with the ever-increasing densification of the urban environment, it becomes 
almost impossible not to also consider ways to provide guidance where increased development and 
densification on dolomitic ground is eminent, especially in areas where the potential for subsidence 
and sinkhole occurrence is low.
6.6 Conclusion
Ultimately, the choices we make are based on the contemplation and aversion to or acceptance of 
one or other type or level of risk, to gain some type or level of benefit (de Palma, Ben-Akiva, 
Brownstone, Holt, Magnac, McFadden, Moffat, Picard, Train, Wakker and Walker, 2008). During the 
course of this research, when interviews with specialists and officials reflected on instances where 
low-income communities were made aware of and began to understand the concerns related to and 
causes for elevated dolomite hazard levels, a willingness seemed to emerge with them to consider 
various options regarding living with risk (for example Stoch, personal communication, 2012 and
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Lesupi, personal communication, 2016). In workshops and interviews where individuals hailing from 
low-income settlements were engaged (for example from the Protea South informal settlement), 
they were able to reflect on the risk they face when living on dolomite in relation to the risk of for 
example living far away from work and education opportunities (GCRO, 2013).
Currently, low-income communities remain immobilised through exclusion from decision making 
and are afforded no choice regarding the level or type of risk that they may or may not be willing to 
live with in order to access other rights or benefits. When not given the option to implement 
measures to monitor and manage even to a small extent their own safety and well-being, their 
human right of choice with regard to disaster risk reduction is eliminated. This removal of choice 
poses a fundamental ethical question regarding the true application of basic human rights.
In terms of the human rights framework, for basic rights to exist, for example, for individuals to 
exercise their right to a safe place to live and having access to adequate water and sanitation 
services, each low-income settlement development or upgrading on potentially dangerous ground 
will have to be evaluated according to its specific vulnerability parameters. The indicators or 
variables that determine the physical vulnerability, as well as owner and resident behaviour and 
governmental management specific to the settlement and its locality has to be considered when 
deciding on interventions -  whether it be structural, geotechnical, or social in nature. The Bill of 
Rights also states in Chapter 2 article 24 that everyone has the right to an environment that is not 
harmful to their health or well-being and to have the environment protected for the benefit of 
present and future generations. This should be achieved through reasonable legislative and other 
measures that prevent pollution and ecological degradation, promote conservation and ensure 
ecologically sensitive development while using natural resources and promoting justifiable economic 
and social development.
The Constitution (Republic of South Africa, 1996) express rights of choice, for example political (i.e. 
choosing which political party to vote for), religious (i.e. freedom of belief and opinion), reproductive 
(i.e. regarding termination of pregnancy), trade, occupation, and so on. In regards to settlements, 
Chapter 3 of the Constitution states that every person shall have the right freely to choose his or her 
place of residence anywhere in the national territory. In the same chapter, environmental right is 
expressed as every person having the right to an environment that is not detrimental to his or her 
health or well-being. Considering these two particular rights, direct conflict emerges between the 
Right to choose a place of living versus Right to a safe environment when hazardous ground is
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encountered. This area of conflict is where access to information could play an important role in 
reducing the challenges, with participation in decision making processes as implied by the HFA 
(UNISDR, 2005) and Human Rights legal framework (WaterLex, 2011) becoming a critical 
requirement. Without formal avenues for information sharing and participative processes instated 
to enable communities to understand the risk and consider the risk-benefit balance when living on 
dangerous ground, they have little chance of playing a role in disaster risk reduction, regardless of 
whether the situation is characterised by new development, upgrading or relocation.
Whereas the results of this study point to an opportunity for intervention in the way in which low- 
income settlement development and upgrading on dolomite are approached, it also highlights the 
need for:
a) a much wider view to be taken of the situation of settlements in its specific urban landscape, 
in addition to the currently applied primarily geotechnical assessments only
b) a more critical assessment of socio-cultural behaviour that play a role in determining 
behaviour related to risk acceptance or avoidance, and
c) economic impacts that may be apparent at the household level and on a regional economic 
scale where municipal and provincial governments apply development interventions.
The route proposed by my research requires a firm commitment for additional tasks to be added to 
current workloads of officials and technical specialists, and a higher demand on already existing 
financial resource constraints. None of this is easily achieved in practice. The route also implies a 
greater engagement with communities where blanket-approaches cannot exist. Each community 
and situation will have to be evaluated according to its specific indicators and the behaviour and 
management within the locality has to be considered when deciding on interventions -  whether it 
be structural/geotechnical, or social/cognitive in nature.
Ultimately, by combining the elements and indicators involved in the debate regarding development 
and upgrading of low-income settlements on dangerous ground such as dolomite, the integration of 
interactions between technical, official and community stakeholders could be utilised to identify 
opportunities that can promote DRR as opposed to re-actively attending to the potential disaster 
risk. The opportunities related to this integration process can be summarised to include:
• increased cooperation and collaboration between role players across disciplines to find 
solutions; and
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• a search for opportunities for service delivery and settlement upgrade where previously 
there may have been no option.
Such participation as proposed above would enable decision makers to work alongside communities 
to address a lack of awareness and understanding of disaster risk related to geological related 
disaster concerns. In this manner, geotechnical regulations and financial practicalities that arise 
when implementing developmental planning processes on dangerous ground can be explained to 
communities well before options for addressing the disaster risk are presented.
When considering the complexities outlined in this thesis, I identified opportunities towards 
achieving increased urban sustainability, based on the interaction between settlement type and 
social understandings. In this context, I propose practical implementation of processes to create not 
only awareness in communities and with owners of properties on dolomite that will enable them to 
adapt their behaviour towards exercising risk aversion attitudes. Such interventions would have to 
be formalised as guidelines and standardised through documents and processes such as the SANS 
standards regarding dolomite (2012), and could include:
• dolomite management plans and programmes to be enforced not only for new development 
or upgrades to existing developments, but also for historical settlements and developments;
• introduction of dolomite management programmes and plan requirements before 
properties may be bought or sold (in addition to the current dolomite hazard level reporting 
and residential specifications that is defined for individual properties);
• determination of the acceptable frequency, level and specifics of monitoring to be done as 
part of these programmes;
• development of a regional cross-border relational database and information management 
system that standardises the recording of the mentioned programmes and monitoring 
processes, as well as keeping record of the maintenance and preventative interventions that 
are embarked on (in addition to the existing geotechnical investigation database held by the
CGS);
• specific dolomite awareness and education programmes to be introduced at primary and 
secondary school level in the Gauteng City Region; and
• dolomite risk awareness introduction to all newly appointed employees in municipal and 
provincial governments in the affected areas to enable them to understand and effectively 
and accurately interpret the dolomite standards.
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This approach does require a change in mind-set when considering how low cost housing financing, 
the types of dwellings that are designed and built, and the processes and elements involved when 
considering settlement upgrading, service delivery infrastructure development/maintenance and 
settlement re-location is approached. It also indicates the importance of engagement with 
government officials, NGOs, contractors and communities before, during and after the technical 
assessment process to understand the impact that different choices which they make, and 
behaviourthat they perpetuate, will have on the ultimate vulnerability and resilience of the 
settlements they reside in or engage with.
Many low-income settlements are already located on dolomite, and their call for service delivery as 
a basic human right is intensifying daily (Govender et at., 2011). In addition to the necessity to 
consider settlement types unequal in constituent behaviour, a need also exist for differentiation in 
the types of infrastructure and associated maintenance behaviour, since the behaviour will remain in 
place long after the initial geotechnical assessment is complete. When current standards, guidelines 
and regulations are applied to the characterisation of low-income settlements on dolomite, nuances 
in the manageability and capacity of governing bodies and the inhabitants of the settlements are 
often lost. The focus of investigations is thus often focused on geological sub-surface conditions, 
which overrides the potential for integration of realities of specific community-based interventions. 
With the ever-increasing densification of the urban environment, it becomes almost impossible not 
to consider increased development and densification on dolomitic ground, especially where the 
potential for subsidence and sinkhole occurrence is low.
The two empirical components of my research -  that of considering differences in low-income 
settlement types, and the engagement with experts through the application of the AHP method, 
produced the core contribution of my research to the existing knowledge base. Through these two 
components, my research challenges the status quo regarding development and decision making for 
upgrading of low-income settlements on dolomite - not to disregard scientifically founded rules, 
guidelines and regulations, but rather to propose options to integrate human behaviour and the 
acceptance of various levels of risk. In such a more balanced process, much determination is 
required to improve the level of responsibility that government officials monitoring and managing, 
communities living on, and owners of property located on dolomite, take to improve disaster risk 
exposure and promote risk reduction. In conclusion, my research firmly supports the statement of 
Health (2011), that "(w)e can't always avoid dangerous ground, but [the question is] how can we use 
it? ... We have to use what land we've got."
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Gauteng City-Region Observatory
Policy Workshop: Low income human settlements (LIHS) on dolomite 
in the Gauteng City-Region (GCR)
Record of discussion of a workshop that was convened by the GCRO 
And held at WITS University, PDH building, on Tuesday, 22 November 2011
Executive summary
The abovementioned workshop was held as part of a project of the GCRO concerning the Intersection between 
Disaster VulnerohiSity one) Sustoinobility. This on-going research investigates among others, the development 
and upgrading of low income human settlements on do omitic ground- The details that follow reflect 
comments made during the workshop in breakaway groups on the basis of guiding questions that were 
originally distributed along with the workshop invitation. It should be noted that the GCRO does not align or 
associate itself with any particular comments that were made or viewpoints that were expressed during the 
workshop. Furthermore GCRO does not comment on any positions taken or views expressed by participants 
and recorded here. Recorded comments by participants are not attributed to any particular individual, 
organisation or association.
By way of a brief overview, the following key observations and points, amongst others, were raised during the 
workshop:
• Spatial planning policies, processes and systems exist, but these are currently failing to authorise land 
uses and deve opment on land in a way that takes into account what the land is most suited for, and 
in particular what it ought not to be used for given possible geotechnical risks.
• Similarly, it is essential that the planning of transport routes and infrastructure is taken into account 
when relocation of communities that live on dangerous ground is necessary. In particular, travelling 
costs should be accounted for when development and relocation options are budgeted, since 
upgrading may be a more effective option for such communities in the long-term.
• There is a need to change low income housing designs and the spatial layout of settlements, so that 
they may be better suited to be built on potentially geo-technically risky ground. Such a shift needs to 
take place at an official and community level where a change on housing types in densely populated 
urban areas would facilitate easier access to the city, as well as increased density and lower risk of 
subsidence and sinkholes.
• Buildings and related infrastructure should be easy to inspect and maintain in order to ensure that 
there are no post-development Increases in the potential disaster risk, on geo-techmcaly unstable 
ground.
• There is a need for communities to understand the conditions of title deeds and responsibilities 
associated with living on dangerous ground such as dolomite.
• There is an urgent need to address community beliefs that land is not dangerous, in locations where 
no evidence of hazards is present or where recent hazard investigations present different results than 
historical studies.
• A strong regional policy statement is required to address some of these issues, since without policy 
guidance and associated incentives, the impetus for implementation of the required actions will be 
lost.
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Introduction to contents of this record of discussion:
The workshop held on 22 November 2011 entitled "Policy Workshop regarding low income settlements on 
Dolomite in the Gauteng City-Region" brought together a wide variety of persons from different backgrounds, 
departments, government spheres and experiences. A background presentation was provided by the GCRO 
that was aimed at ensuring that all attendees participate from the same base-line. The presentation was 
intended to be short and informative, and provided details of the proceedings while highlighting the questions 
that were to be discussed by the break-away groups. Six guiding questions were used to provide semi- 
structured discussions during the workshop, with the focus being on participants being provided with the 
opportunity to present their views. The group of 64 participants was divided into three breakaway groups to 
enable each participant to provide their comments, in a relatively short time frame. Once the discussions were 
concluded, the participants again convened in a p enary session where the facilitators of each breakaway 
group provided brief feedback regarding the discussions that took p ace.
As a reminder regarding the context of this document, the purpose of the workshop was 'to promote 
interaction between specialists and practitioners'. The use of the content of this document is envisaged to 
encourage further debate and assist decision makers throughout Gauteng to consider all angles of the 
dhalenges associated with development or upgrading of LHIS on dolomite.
This document is not aimed at providing a policy regarding development of UHS on dolomite: it is a reflection 
of sometimes conflicting ideas that were voiced during the discussions. It therefore highlights the details and 
nuances of the difficulties associated with different elements of development on dolomite and reflects the 
viewpoints from a variety of disciplines and departments there were involved in the discussions. It 
furthermore does not necessarily present best practice and best practical options, and does not necessarily 
reflect the views of the GCRO.
Any questions or comments in this regard should be directed to the GCRO f www.ecro_ac.za or to 
mafyna.storie@gcro.ac.za tel: 1011) 717 7291).
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Q l: What should be done to address the concerns of dolomite intersecting with low income 
human settlements (LIHS) in the GCR?
■ Municipality Disaster Risk Management Systems |DRMS) should be designed and implemented and these units 
should resolve outstanding or lagging issues.
• A Dolomite Risk Management Plan is required for all dolomrtic areas to ensure that land does not become more 
risky through activrties/non-mamtenance of leaking pipes etc.
■ Disaster Management Dolomite Risk plans should be standardised across the GCR. Ttus could be a collaborative 
effort between municipalities and would save on time and effort to generate such plans. The City of 
Johannesburg Disaster Management Centre is keen to start such a process and will aim to get all the other 
relevant municipalities together to develop a plan that can be used as a template1.
• Municipal Council Resolutions should be made in each municipality where dolomite occurs, to address the 
concerns regarding LtHS on dolomite.
• Consider capacity building and training, specifically related to ddomrte, for ail relevant departments in local, 
provincial and national sphere. Educate councillors, decision makers and community leaders about dolomite,
settlement on dolomite a nd the impact of maintenance issues on dolomite. Inform the residents of informal 
settlements on dolomite about safety issues. Explain potential problems  ^such as water leaks, and that on 
individuals’ property they have the responsibility to attend to this, if they know why irt is important and what the 
risks are they may act preventatively.
■ Relocation of communities can be done where it is feasible, without making relocation the first or only option of 
’defence’ against dolomite. Upgrading via private developers should be promoted, and municipal councils should 
promote other land uses on dolomite (e.g. conservation, ecosystem services, .
■ More financial resources should be made available at Municipal sphere for dolomite category D4 («HC 6-SJ to 
build but also maintain infrastructure in perpetuity*.
■ Municipal councils do not know what dolomite risk occurs where. The Council for Geoscience |CG5) has access 
to reports and drillhole records for some areas, but there are still some dolomite areas where the risk categories 
are unknown.
• Dolomite areas need to be attended to in the Spatial Development Framework.
■ investigate the philosophy of building designs, especially RDP houses.
• Disaster Management staff don’t have comprehensive knowledge; experts that have the knowledge can assist 
them. There should be collaboration between DM and technical persons, or if DM has an in-house expert such 
person could assist with what needs to be done -  such an appointment should be investigated where it is not yet 
available.
■ The procedure for submission of designs includes quality assurance and then submission to the NHSRC. That is 
the ’old’ way of doing things, it is the responsibility of every person involved to ensure that guidelines are 
adhered to. It seems as if some development plans 'slip through' without adhering to requirements for dolomite
* Increased densities of people (even more so in Hie case where development densities have been exceeded! require 
additional resources to be made available by the Local Authority to implement Dolomite F6sk Management on a regional scse 
as well as to strengthen capacity to deal with dolomite related incidents, in particular sinkholes which may cause damage to 
infrastructure as well as cause harm to fife and limb" (Council for Geoscience Consultants Guide: Approach to sites on dolomce 
Land, Nov 2007:27).
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investigations. A qua lity assurance team needs to check all development plans issued fry the province, the 
NHBRC will also assist in this process.
Question from the floor: Is there a teanydffce that monitors the water table in dolomitic areas? The answer is 
'No': it is not provindally/nationally monitored. It ts the responsibility of the local government’s relevant 
department, the Council of geoscience gives advice in this regard. EMM has recently implemented by-laws to 
promote groundwater (GW) level stability, which are dependent on GW level monitoring.
Communication between local, provincial and national departments is crucial: e.g. water affairs, disaster 
management, planning, housing and others.
Ensure that when sinkhole or subsidence e'vents do occur, the action thereafter is fast -  approving of funds etc. 
so as to expedite the process; at the same time the location of these events should be recorded and provided to 
the DM centre as wel I as CGS.
Be proactive instead of reactive, set aside funds for land rehabilitation, since much land is not suitable for 
housing development (i.e. flood plains, dolomite etc ). It is necessary, if we are to density Gauteng urban areas, 
that more money is al located to ensure safe ground to bukd on, even if i* may be initial fy more expensive than 
building on the periphery of the city.
Some offices and/or officers are too afraid to take decisions concerning financial matters, especal ly where 
guidelines are unclear. Therefore, it is necessary to have standard regional operational procedures across 
Gauteng re: procedures re: allocation of funds 'when dealing with matters related to marginalised land, inducing 
dolomite
When considering that informal dwel lings are 'here to stay and that« is virtually Impossible to eracScate 
informal dwellings entirely, there is a need for stricter control and regulations regarding informal settlement re: 
where and what is being built. There need to be regulations or guidelines that define what kind of informal 
dwellings are acceptable to be built versus what types of dwellings may not be constructed at all.
Prevent initial invasion of marginalised land: An Informal Settlement Plan is required to manage land invasion 
better.
45% of land in EMM ts affected by dolomite. Is it possible for land rehabilitation? This question will have to be 
addressed on a site-by-site basis since potential for rehabilitation is based on specific site conditions, as well as 
development type and maintenance conditions
it is not always necessary to move settlements off dolomite and disrupt society -  there are measures that can be 
taken, although It may often be expensive what price can be put on the social stability of a community? 
Consider multi-storey residential blocks instead of the usual RDP housing.
There is no ceiling for the budget for rehabiitation of marginal land: why is dolomite land not included in this? 
-Th is question remains unanswered.
Q2: What are the current barriers towards solutions for LIHS on dolomite?
• lack of finance, funding, budget - With enough funds many problems related to development on dolomite
could be overcome. Developing on dolomite is always more costly: there 
is need for footprint drilling at every site, more specialised foundations 
etc. -  This is the major stopping block at the moment regarding UHS. 
There is inadequate funding to do site-specific or regional studies at a 
local sphere
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Community misunderstandings - Belief that the land is not dolomtoc and that concerns are simply part of a
pol itical move to relocate' undesired' communities.
Community belief that the land is indeed safe to build on.
More recent investigations may present different results than older 
studies, explanations about the differences are unclear and communities 
feel they are being decerved This has to be addressed through in-depth 
community awareness campaigns
Settlements may have been on that land for decades without sinkholes 
appearing and therefore the community do not believe they are in danger 
(i.e. no 'proof').
Misunderstanding around larger higher income buildings being allowed 
to remain or be built and that they are more stable than smaller low 
income dwellings.
Residents may have tale deeds if land is dolomite, but they generally do 
not understand the clauses related to responsibility and maintenance that 
may be related to it. This needs to be addressed through awareness 
campaigns ait the start of development plans and initial Interactions 'with 
future owners.
Reluctance to relocate - Deep emotional opposition against relocation in communities.
These are the people that generally do not qualify for RDP or other social housing. 
There is a high level of social and pol Itical opposition to moving.
Livelihoods have been established in that area Social, economic and educational 
consequences - the long-term cost to the community and sooety in general when 
relocating is often not taken into account. When this structure is changed the 
societal stability is undermined. Care should be taken to reduce relocations. 
Relocation planning can be dene better with more forethought.
If the situation is Irfe-threatemng, relocation could be the onl y option.
Questions are asked, however, whether more money should be spent rehabilitating 
in situ, when that same amount could be used for relocation together with 
improved services This matter remains debated.
- If upgrading and rehabil itation is done it may be possible that some households STILL 
have to be relocated, which may cause much difficulty.
Communities can be very fickle - Communities have lost faith in the local and provincial government.
Communities know 'when they are not being told the entire truth. 
Unanswered question what can be done when communities are given all 
the mformation and reports available but they still refuse to believe what 
they are told?
Cultural barriers exist against resolving the issues.
Lack of capacity/allocation of staff: there should be more social workers 
than engineers and technicians allocated to development projects.
Lack of education and awareness both at government and community level
Lack of capacity in government -
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is a big concern.
Political interference and a lack of political willA cause interventions and 
solutions to fail.
Time constraints related to D4-type developments |i.e. finding solutions and 
getting approval^  makes fast response difficult.
Lack of co-ordination at provincial and municipal spheres.
Lack of communication between departments causes problems.
There is often a be! ief that technical difficulties are the main barrier, which is 
not necessaril y the case. Make sure that the REAL reasons are known; 
however, often it may be socio-political in nature and therefore is not 
publicised, which causes problems
■ treed for cheaper & well-engineered structures - Development of structures and dwell ings that are
well-engineered but less costly is necessary
- There seem to be a lack of adequate designs and this can be 
addressed from a university and private sector perspective -  
to find designs that better suit the requirements
- Focus should be shifted towards provision of block-unit rental 
stock on dolomitic land.
■ Land availability - There is a lack of well-located space in Gauteng for 'traditional' forms of low cost housing
developments. Innovative new designs should be pursued.
- lifts are usually located on the periphery of the city, which puts them in a difficult position
regarding access to the city and its opportunities
• Perception vs. reality - What communities want or what officials perceive they want versus what is
practically possible is not the same, it is necessary to change the approach towards 
low cost development and abolish the traditional' RDP-type single-unit format.
Full ownership of a "piece of land' ts preferred to renting (Question: is this really the 
case? -  can community perceptions not be changed? -  why is it acceptable and 
even desirable to rent wal k-up apartments in e g Midrand but this is not perceived 
similarly in say Soweto?}.
Is this a question of preference or Tights' versus the option to either rent a flat or 
have access to nothing at al I? There needs to be an entire mind-shift in the options 
that people have re: housing in densely populated urban areas such as Gauteng 
The format cannot continue to follow a 'rural' form where each house is located in 
a piece of land -  this may still be applicable in e g. k.hutsong near carletonville 
where there is a lot of open land available, but it is certainly not possible any longer 
in the densely populated urban 'cirde' in central Gauteng. If low income 
households want to live in a densely populated urban areas they need to realise 
that they may have to live in a flat. Perhaps the democratic process has become 
‘too democratic'.
Walk-up apartments would be better suited for dolomitic conditions and may also 
present a solution towards eliminating the ‘back yard shack' problem. In such
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instances, however, ownership would change from full title to sectional title which 
is perceived to not be preferred fry the community The question was raised as to 
whether they have a choice -  if the only viable option is a walk-up apartment,, 
would they rather choose to reman in a shack?
Some individuals have been waiting for years and still do not have their own free 
standing house, which makes the paradigm shift and physical process of mtroduang 
new housing types problematic
Often, people want ownership but they cannot afford maintenance and rates 
related to it -  this is a major concern in doiomrtic areas, which makes walk-up 
apartments even more preferable
The above discussion begs the question of the rights communities have 'when they 
have no formal access to land anyway and the current format/type of low cost 
housing MUST be changed if a more densely spaced development is desired.
Some arguments were presented that stated that other types of development are 
likely to be more expensive to develop than ortSnary sir^ie-unit RDP housing. This 
comment was questioned. The discussion requires the enlightenment through 
independent research into cost, safety and applicability on dolomite.
• The risk barrier b the reason for a conservative approach - A pristi ne environment with absolutely no rbk does
not exist, therefore, the risks have to be managed and 
development has to be done accordingly
- Each local muniapality requires a dolomite risk 
management plan as noted earlier.
- If something goes wrong there will be an outrage 
from the community, UNLESS there b  adequate 
understanding of the risk which is based on 
awareness and education. As well as an acceptance of 
the risk by the community members/owners.
- Who b accountable if something goes wrong i.e. a 
sinkhole occurs? -  if it is the municipality, then the 
municipality will be reluctant to provide approval or 
even services to such areas. If there can be a legal way 
to overcome thb barrier, the potential for 
development of LlHSon dolomite b possible.
- Professional accountability of engineers involved b  
related to the same issue as mentioned above
- Problems do exist for example disagreements among 
the geotechnical fraternity where differences in 
opinion exist re: probability of development and size 
of sinkholes.
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Q3: How could these barriers potentially be addressed/overcome?
• There is a need for change, but i^n /M at do we use or how do we change these perceptions?
• There is a need to convince the communities of this need for change and that it will be in their best interest This 
requires in-depth awareness and education campaigns, which is currently lacking.
• The information needs to be accessible, with adequate technical information but presented in language to make 
it understandable. Thus it is necessary for officials to improve communication and build trust with the 
community while not withholding information -  this is difficult from a political perspective since political 
agendas often overshadow addressing the real need of communities and society
• Community participation is required right from the beginning of the planning process
■ There has to be community effort throughout - need to involve teachers, schools, youth groups, preachers, 
community leaders etc Involve the Department of Education, ward councillors, do road shows, provide a help 
line (even if it is part of an existing help line facility -  i.e educate persons that are answering the he! p line I, using 
different forms of media
• The general public have a slim chance of knowing anything about dolomite, the detailed tables and codes are 
difficult for even the experts to always understand There is therefore a need to explain the tests and reports and 
their outcomes thoroughly in lay man's terms and involve credible experts to advise and explain to the general 
pubic what the situation at specific sites is.
■ All informal settlements should be investigated and the above process followed to explain the situation and 
darify any potential for development (Question: 'where wH I local government get the money from to do this?!
• There needs to be a balance between upgrading at higher expense versus relocating communities The ideal 
should be to upgrade wherever feasible and sustainable The cost of relocation is not only the initial and 
relocation costs, and the long-term costs may actually outweigh initially higher upgrading costs.
■ The rewards of 'alternative" dwell mg forms should be marketed to the community to lower thee resistance to 
change away from single-residential units. Make the best solution an attractive/desirable solution.
• Politics need to be set aside: all the involved departments and officials should work together: housing, human 
settlements, environmental, education, technical, disaster management, health and sooal departments -  across 
local and provincial spheres.
• investigate re-alignment of budgets and allocation of funding- What is al located where, with respect to sooal 
housing?-if this is re-aligned, it may be possible to address the funding issues without requiring MORE money -  
it is just necessary to allocate it more appropriately
• Encourage, in all above mentioned departments and within the private sector, more sooal housing and 
subsidised renting schemes Municipalities and provincial government, focus too much on RDP housing, where 
the younger generation in particular have a keen interest in rental stock.
■ Dolomite risk management and minimisation should be on each mentioned departments' agenda.
• From a design view: create buildings that are easy to inspect and maintain so that faults and water infrastructure 
leaks can be easily detected
• Provide a report-help-line at each municipality to report and address leaks of infrastructure on dolomite. This is 
necessary for both private and public infrastructure, so that officials can follow up that private leaks are in fact 
fixed promptly, before it may become a public problem
• Review and ensure compliance with SANS 1936: Problems and risks regarding dolomite are very often created 
post—development approval. There is therefore a need to ensure that the construction companies adhere to
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implementation requirements and inspectors should ensure that this takes place at all times -  this 'policing 
■ function' in itself will require funds, but is a critical aspect of the process to ensuring risk control when 
developing on dolomite.
Protect vacant land from invasion tn the first place
Establish council resolutions in regards to all the mentioned solutions.
Q4: What role should community awareness and education play in dolomite risk 
management?
• Household and community awareness and education cannot be underestimated
■ Who should take responsibility?
■ Lead agencies in awareness are the Council of Geoscience and NHBftC, but province and local government must 
also get involved and pro-actively address the dolomite issue in their geographical areas.
■ The NHBRC have recently started with subsidy awareness and they can do specific road shows.
• Involve community at the first/earty stages of development planning; educate them about what D l, 02, and D3 
means, and make them feel that they are part of the process and decisions.
■ races can also help drrve community education and awareness.
• Project steering committee community liaison forms part of the process, and it is important that potential 
ov.ners/residents are informed as to what their own responsibility and risk is.
• Ward councillors should be involved as key persons in the abovementioned process -  this means they have to be 
capacitated with accurate knowledge regarding dolomitic land.
• Local government needs to have a knowledgeable representative who canexplaintothe community the title 
deeds and responsibilities associated with regards to living on dolomitic ground.
• Local government need to have a dolomite risk management plan in place, which includes inspection of al I the 
triggers of sinkholes on a regular basts.
■ The community need to take responsibility and be on the lookout for problems and potential problems, such as 
■ water infrastructure leaks, and then have a specified personfs j or a help line to report to -  this will only be 
effective rf an effective education and awareness campaign is embarked upon.
• Support students from dolomite-underlain communities with bursaries to study the technical aspects of dolomite 
in their area so that they can act withm the awareness campaign and explain to their community what risks they 
may face and how to mitigate it. This may even be part-time or short-term courses and may not necessarily be 
university degrees. This requires action from the education sector, government and the private sector
• Primary and secondary schools should play a bigger part in promoting dolomite risk awareness. Representatives 
noted in this section Iprivate, public llocal and provincial government), NGO's etc.) should visit schools in the 
areas and give talks to pupils, explaining to them the risks and potential for risk minimisation.
■ Dolomite awareness should not be done in isolation from other community education campaigns
■ Tenure types should be considered For example, in Ktuitsong, where owners receive full title to a dwelling unit 
and stand, the arrangement imposes the maintenance costs on a low income property owner ’who usually do not 
have funds to maintain or fix privately 'owned' water bearing infrastructure. The province AND municipality 
therefore have to make the decision in each case of provision of housing to ensure registration as an indigent or 
to create another form of arrangement to ensure long-term maintenance.
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• Community committees can be irrvolv'ed to promote self-regulation.
■ There needto be dear specification of who maintains the risk management plan and who monitors it; as well as 
who communicates what and what happens when knowledgeable persons get replaced (since dolomite 
knowledge is qiflte specific).
What should be included?
• With dolomite the water table and boreholes are very mportarrt for risk assessment and the community should 
be made aware of this, especially in areas where ground water extraction takes place.
• it is difficult to get people to take matters seriously when they do not perceive that they are facing a risk |e.g 
■ where sinkholes have not occurred for over 50 ’years). Dolomite as a highly technical land form is a difficult 
concept to understand and may seem difficult to present it to the community, it b difficult to understand the 
codes and tables and differences in the areas Dolomite areas can also not always be seen above ground This 
requires the use of examples and pictures of areas with problems related to dolomite to illustrate and help 
explain the situation.
■ Technical information should not be gryen to the community until it has been ratified. The media also plays a role 
in this process, and they should not 'hype1 situations that may not need such negative attention.
• Get the beneficiaries of RDP housing to WANT afternative designs that adhere to SANS 1936 requirements.
• focus on project-specific awareness campaigns. Awareness to communities must run parallel to public 
education. For example in voslocrus Ext. 2fl the EMM involved the community in a project and found common 
ground. The community was given an opportunity to understand what should be focussed on, and the 
municipality demonstrated to them how things should be done accurately. This project was successful because 
there 'was REAL community participation l as opposed to smoke-screen participation which is often the case).
• Long term sustainability and safety needs to be explained effectively during the community education process.
• The community should be made aware of the fact that rf the area they live on is looked afterit there are 
incentives and positive elements to be gained. This requires pride from the community in their own Irving 
environment and therefore relates to other soaal campaigns and b not a lone-standing dolomite-only Issue.
■ Communities are offended if dolomite is stated as a risk, while at the same time municipalities do not assist or 
seem to view the reduction of other, sometimes more real-time rbks e.g. fires or floods. It should therefore be 
included as a holistic hazard management approach
• Issues of formaBsation (i.e. formalising informal settlements and providing rights) are more critical than the 
actual nsk or probability of being affected by a sinkhole -  this is related to political elements and need to be 
addressed before technical risk elements are investigated.
■ Community attitudes and knowledge differ from settlement to settlement.
• Communities see and experience concerns within sectors and in a trans-disciplinary manner, while 
specialists/murucipaltries manage them as defined and non-related sectors. The disaggregated approach creates 
problems and should be addressed at the community stakeholder/interaction stage of development or 
upgrading (i.e. where departments or projects may have to combine events/activrties).
• integration: if the council is not aware of issues in a community, they cannot engage with it. Awareness at council 
level b critical. The council must 'practice what is preached'
• One proposal is that a 'Happy Letter1 should be implemented, where the beneficiary/ies, engineer, contractor 
and local authority all 'sign off that the structure or development is of an acceptable sta ndard. Some contention
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of this proposal emerged m that there are already processes in place that address this issue,, but they are not 
always implemented as intended or required.
Ward councillors need to report to communities what is discussed in council. Often, this enpgement is lacking.
It is requested that institutions such as development body corporates and engineering geologists should make 
information more easily available to residents.
Give a report back within reasonable time: The municipal management report structure ts based on resources 
available lor not available}, which means that sometimes the feedback process takes a longtime.
Sinkholes and subsidence on private versus public property is managed differently The municipality^ for 
example ,^ could potentially enter private property to inspect/advise, but not to fix problems 
UH5 cannot cover the cost of drilling monitoring holes to check if the ground water level remains constant. Who 
will carry this cast? (this question remained unanswered on the day}
Q5: How should the process of development, relocation and upgrades for LIHS on dolomite
be approached (re: design, construction, maintenance etc.)?
• Where relocation is required, provide incentives for moving and relocation of communities -  make it an 
attractive/ better solution to where they are (usually the new area ts 'worse off/further away from 
ame rat ies/tra report).
• With roll over upgrading^ temporary relocation can present many problems, since people only want to relocate 
once and minimise disruption of their Irves.
■ Integrate social incentives and transport nodes into planning. Travel ling costs should be accounted for when 
relocating, since once such costs are taken into account, upgrading may in fact be a cheaper/better option.
■ How to control building regulations/additions/back yard development? It is necessary to investigate who is 
responsible for these elements at regulatory level, as well as what drives the incorrect practices.
■ How is addition to buildings and popping up of back yard shacks policed/controlled5 A possible solution may be 
the appointment of 'Urban marshals', invol ving the rest of the community, ward council lors etc, with the 
understanding within the community of what impact incorrect practices has on dolomite safety,
■ Should we consider going Green' for UH5 and if so, who pays for it?
• Addressing these issues should be an integrated approach, i.e. ensure that education and awareness is part of 
the planning process; approach it holistically; change people's mind-sets This is not a ‘quick fix', but a long-term 
approach to changing the way in which people live on marginalised land.
■ Infill housing needs to be done according to SANS requirements and one must be able to measure ’water leaks in 
particular, tt may become a requirement within property title deeds that houses built on dolomite cannot be 
extended; however, this will pose certain challenges which are not yet addressed.
• Officials need to work closely with the community leaders. Trust has been lost between the officials and the 
community, therefore local government and all relevant stakeholders need to have future meaningful 
engagement 'with community leadership (e.g. ward councillors, ward committees).
■ Sometimes it is necessary to solve technical issues before town planning issues.
■ With phased development, implementing services is often difficult. It requires much more cooperation between 
different departments.
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• Ablution facilities: a short term solution is to have chemical toilets, while a long term solution will require other 
alternatives
• Municipalities need to develop new by-laws for dealing with water bearing services and maintenance thereof.
• it is necessary to have more accurate and relia ble statistics of inhabitants of informal settlements. Decision 
makers need to know the numbers of people and problems they face, more accurately, since aerial photos and 
unit counts currently are not necessarily accurate It is possible to get the community to do an internal 
community survey (this worked in Kibera in Kenya) -  it will have to be ckxie as a project per site.
• investigate and treat each informal settlement separately -  e g is access into the area possible; is a gravity 
survey feasible; small drilling rig possible; extent of the site and dolomite on the site; susceptibility to sinkholes 
etc Each option should be individually investigated as to how it can be solved from an engineering perspective. 
This costs a lot of money and may in fact be the only reason that development,'upgrading is not embarked on. It 
b general ly very drffkult to do investigations in existing settlements since drilling ngs are too large to enter the 
area.
• fle: in situ upgrading provincial versus rmncipal responsibility -  whose responsibility is the feasibility study?
■ Note that the Feasibility of RDP versus in  situ  upgrading is based on different requirements This does create 
some issues with community understanding.
• Municipalities rely on the province for the studies and providing budget, but a would be better if the 
municipality is directly empowered.
• The process should be formalised Le. what the review process is and when it is released to the public.
• Disaster Management Forums at municipal sphere is an ideal place to bring the information to the right places 
and people.
• Consider rental tenure options for people that do not qualify for home ownership |this is a general LIHS issue, 
not only related to dolomite). A counter-argument was presented that home owners show more interest and 
care m their properties; thus there is a concern regarding rental tenure on dolomitic ground, UNLESS the tenants 
are committed to minimising risk.
■ Funding b available (through the urban settlement development grant] but it is finite
■ Why are there not green belts on dolomite? This question was answered refernng to the example of 
Thembelihle: this area was an open area but informal dwellers settled there and remained there for many years, 
practically formalising' the locality. Thus, having green belts does not solve the problem since informal 
settlements will most likely settle there, unless very stringent regulations and polio ng is put in place.
Q6: Under what circumstances could LIHS on dolomitic ground be considered, thinking 
beyond risk classification, but rather typologies, infrastructure provision, maintenance etc.?
• New unit designs for development on dolomite areas are needed, e g. where large stands and foundations are 
desirable, develop walk up apartments; other options include long thin stands with units on one foundation, up 
to e g. S units in a row, which still provide sole ownership but the sharing of a foundation.
• Service ducts that collect from many houses and collect together reduces the risk of small leaks and are easier to 
keep an eye on, service and maintain.
■ There should be a condition related to LIHS development on dolomite that no building additions can take place -  
this should be prescribed on the title deeds
• Hazardous ground varies from low to high risk:
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Good dolomite may allow high density development to take place.
Bad dolomite: development agents need to investigate engineering solutions 
and different forms/types of housing, and it requires intensive participation 
and engagement with communities.
Conditions of the risk classification of the ground are what decisions are based on: anywhere can be made safe 
on dolomite, but at a COST.
There is a definite need to inform communities of the risks and type of dolomite that relate to their area 
High quality agricultural ground has, to date, been used for development and to build houses. This issue is not 
directly related to dolomite, but is part of the problem of planning and housing development in Gauteng.
There are cost implications when development and contracting is not up to standard, e.g. the case of Merafong 
(where units were re-built due to initial problems). It is more cost-effectrve to build emits correctly from the start. 
This requires careful contractor selection and on-site supervision & checking.
Low cost housing inspections are not always done properly by government officials. There is disparity between 
provincial development of units versus local government provision of services: it creates difficulty in checking 
everything since the responsibility for different elements of the development is uncertain/undefined, 
it is necessary that the design of buildings on dolomite is considered before implementing UH5solutions a good 
design will be easily maintainable and will be sustainable. The same good design principles can also be used on 
non-ddomrtic areas: the main requirement is for a move away from the single-unit RDP-type low income
housing format.
• It is necessary to implement monitoring boreholes in areas where development on dolomite took place, and 
anal yse it regularly to identify changes in the level of the water table.
• if there is suspicion of water bearing infrastructure leak(s) it is critical to search for it, find it and ft* it
• Recommendations and restrictions are not always practical i n reality.
• There is always risk involved with any type of development on dolomite -  it is necessary to make these risks 
more calculated and design against potential problems, i.e mitigate the risk.
■ AWARENESS is key to solving the issues related to development and upgrading on dolomite. The community 
need to be on the lookout for potential problems and then have a specified hotline or person to report concerns
to .
• Re: influx control: In informal areas there is a need for political intervention, nflux and movement of people 
also require awareness campaigns to be on-going -  not just once-off.
• Funders and decision makers need to understand the high risks of development and upgrading on dolomite -  in 
fact, greater understanding across all sectors and spheres is needed.
• Currently there is much building happening (especially on existing stands on dolcmitel without plans being 
submitted or passed -there is thus need to involve building inspectors and pol ice more effectively.
• A strong regional policy statement on housing on dolomite is required by provincial and local governments, t  
must not be too easy to develop on dolomite, which seem to be the case currently (for provincial low income 
housing developments in particular).
• Availability of sufficient FUNDS is always a critical concern - engineering solutions are always possible, BUT it
costs money.
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SOCIAL RE-ENGINEERING Is a real option: New generations of people have new,''different needs re: housing. 
There is also a critical need to change the cultural perception of housing in densely populated urban 
environments
Contractors do what the tender specifications state: it is therefore the tenders' needs that should be clearly 
stipulated These needs have to be to be based on investigations done on each individual site and the risk 
assessment outcome The commwiity needs also need to be considered to this and a balance found between
options
■ A primary question remains: Is the choice of a single unit the path of least resistance or the cheapest option for 
government? Is it the best option when taking into account the risks posed by dolomrtic ground1 There is thus a 
need to change the RDP housing specifications to accommodate the needs of development on dolomite.
■ nnovation does get implemented sometimes, however, it does not get reproduced Low i ncome areas prove to 
be difficult to implement, and difficult to apply on large scale.
• Convincing factors for allocating additional funding for both development and upgrading on dolomite include: 
proximity to transport routes, work opportunity, absence of alternatives (there is I ittle open space close to 
opportunities left to develop large settlements), and introducing some commercial/private enterprise to assist 
financing.
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List of attendees -r Email Address „
1 Mr Stephan Potgieter Director AGES(PTY) LTD spotEieter@aEes-Eroup.com
2 Mr Pieter Pretori us AGES (PTY) LTD ppretorius@ages-group.com
3 Mr Alet Rautenbach Disaster Management: Region C City of Johannesburg AletR@ioburg.org.za
4 Mr John Williamson Geologist City of Johannesburg JohnWill@ioburg.org. za
5 Ms Lettah Mokgotsi City of Johannesburg lettahm@ioburg.org.za
6 Mr T Motlhale City of Johannesburg AletR@ioburg.org.za
7 Ms Thembi Mosia City of Johannesburg thembimosi@ioburg.org.za
8 Ms Ashika Sudu Deputy Director: Geological and Geotechnical Engineering Management City of Tshwane AshikaS@tshwane.gov.za
9 Mr Deedee (Andre) Mengi Community Organisation Resource Centre (CORC) demengi@vahoo.fr
10 Mr Greg Heath Manager Dolomite Stability Council for Geoscience gheath@geoscience.org.za
11 Mr Kefyalew Tegegn Council for Geoscience ktegegn@geoscience.org.za
12 Mr Anton Basson Regional Manager: Building Control Ekurhuleni Metropolitan Municipality Anton. Basson@ekurhuleni.gov.za
13 Mr Gert Uosthuizen Chief Building Inspector: Benoni CCA Ekurhuleni Metropolitan Municipality gert.oosthuizen@ekurhuleni.gov. za
14 Mr Johan Lratford Chief Building Inspector: Brakpan CCA Ekurhuleni Metropolitan Municipality iohan.crafford@ekurhuleni.eov.za
15 Mr Alfred binda Chief Building Inspector: Springs CCA Ekurhuleni Metropolitan Municipality alfred.sinda@ekurhuleni.gov.za
16 Mr Johan Ferreira Building InspectorfSenior: Nigel CCA Ekurhuleni Metropolitan Municipality iohan.ferreira@ekurhuleni.eov.za
17 Mr Tau Setenane Building InspectorfSenior: Nigel CCA Ekurhuleni Metropolitan Municipality taus@ekurhuleni.gov.za
18 Mr Shadi Tsebe Assistant Manager: Risk Reduction Ekurhuleni Metropolitan Municipality Shadi.Tsebe@ekurhuleni.gov.za
19 Mr Tlou Raphela Intern: Disaster Management Ekurhuleni Metropolitan Municipality tlou.raphela@ekurhuleni.gov.za
20 Mr Mzwandile Sikhakhane Intern: Disaster Management Ekurhuleni Metropolitan Municipality mzwandile.sikhakhane@ekurhuleni.gov.za
21 Mr Bernard Williamson Executive Manager: Human Settlements, Strategic Support & Planning Ekurhuleni Metropolitan Municipality Bernard. Williamson@ekurhuleni.gov.za
22 Mr Pilusa Mashamaite Ekurhuleni Metropolitan Municipality Pilusa.Mashamaite@ekurhuleni.gov.za
23 Mr Xolani Lama Ekurhuleni Metropolitan Municipality xolani.Iama@ekurhuleni.gov. za
24 Mr Nick van Zyl Architecture Ekurhuleni Metropolitan Municipality Pilusa. Mashamaite@ekurhuleni.eov.za
25 Mr Theona Pillay Architecture Ekurhuleni Metropolitan Municipality Thirunavelli.pillav@ekurhuleni.flov.za
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26 Ms Anna Malefo Ekurhuleni Metropolitan Municipality anna.malefo(Sekurhuleni.gov.za
27 Mr Francois Meyer Ekurhuleni Metropolitan Municipality Francois. Mever(Sekurhuleni.gov.za
28 Ms Josephine Musango Senior Researcher Gauteng City-Region Observatory josephine.musangofSgcro.ac.za
28 Mr James Cattanach Chief Engineer: DLGH Gauteng Pronvicial Government: DLGH james.cattanach(Sgauteng.gov.za
30 Mr Chris Engel brecht Acting Director Gauteng Provincial Disaster Management Centre chrisefSgpg.gov.za
31 Mr Thandekile Mbunge Department of Local Government and Housing Gauteng Provincial Government thandekile.mbunge(3gauteng.gov. za
32 Mr Joseph Motsholane Gauteng Provincial Disaster Management Centre: (DLGH) Gauteng Provincial Government ioseph.motsholane(Sgauteng.gov.za
33 Mr Aaron Ral atsane Acting DD -  Gauteng PDMC Gauteng Provincial Government: DLGH aaron.ralatsaneiatgauteng.gov. za
34 Mr Vonroy de Beer Manager: Gauteng Provincial Disaster Management Centre Gauteng Provincial Government: DLGH vonrov.debeer(5)gauteng.gov.za
35 Ms Anna Mokoena Gauteng Provincial Government: DLGH anna.mokoena(Sgauteng.gov.za
36 Mr Mfanzile Msibi Chairperson ISN ccemblokfS havoo.com
37 Mr Makang Mathobela Archicture draughtsman Luvumba Community Development Initiative makangsportings(Svahoo.com
38 Ms Baby-doll Mahlo tconomic services: Development and Mogale City Local Municipality babvdollmts mogalecitv.gov. za
39 Mr Thulare Sehoole Project Coordinator Mogale City Local Municipality thulares(S)mogalecitv.gov.za
40 Mr Tefo Kel obonye Mogale City Local Municipality tefok(H)mogalecitv.gov.za
41 Ms Mona Motjuwadi Human Settlements Mogale City Local Municipality monamfSmogalecitv.gov.za
42 Mr Shumani Luruli Project Officer PLANACT shumani<a> olanact.org. za
43 Mr Joshua Moloi Director: Development Planning Randfontein Local Municipality Joshua, moloifSrandfontein.gov.za
44 Mr Vusi Hadebe Manager: Town Planning Randfontein Local Municipality vusi. hadebeiSrandfontein.gov. za
45 Mr Kobus Booyens Civil Engineer SCIP Engineering Group kobusoatscip.co.za
46 Mr Niel Kruger Architecture SCIP Engineering Group niel(Sscip.co.za
47 Mr Philip Booyens SCI P E ngi neeri ng G roup philipfSscip.co.za
48 Ms Kate Tissington SERI Kate(S seri-sa.org
49 Ms Nenekazi Jukuda Intern South African Cities Network (SACN) nenekazij(Sgmail.com
50 Mr Derek Warwick SRK Consulting dwarwickfSsrk.co.za
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51 Mr Eric Stoch Sociologist Stoch Group e(stoch(S iafrica.com
52 Dr Neels Swart The National Home Builders Registration Council (NHBRC) neels.swart <shotmail.com
53 Ms Lerato Ramatlapeng The National Home Builders Registration Council (NHBRC) leratoris nhbrc.org. za
54 Howell Mathode The National Home Builders Registration Council (NHBRC) howellm(Snhbrc.org.za
55 Tshilidzi Lishivha The National Home Builders Registration Council (NHBRC) tshilidzilfSnhbrc.org.za
5G Mr Xolo Mdake The National Home Builders Registration Council (NHBRC) xolomfSnhbrc.org. za
57 Prof Marie Huchzermeyer Associate Professor The University of the Witwatersrand (WITS) Marie. HuchzermeverfS wits, ac.za
58 Mr George Onatu HOD: Town & Regional Planning University of Johannesburg (UJ) gonatufSuj.ac.za
59 Ms Use Kleinhans VGI Consult vgiotaeast (Sgmail.com
GO Ms Nicole Trollip VGI Consult nicolefSvgiconsult.co.za
61 Mr Moray Hathorn Partner Webber Wentzel morav.hathornfSwebberwentzel.com
G2 Mr Mpoti Machaba HOD: Infrastructure Development and Planning Westonaria Local Municipality rrabuthufS Westonaria.gov.za
284
APPENDIX D: KEY TERMS AND DEFINITIONS USED IN THIS DOCUMENT
285
Key terms and definitions used in this document
The following definitions provide understanding of how terminology that is used in this proposal 
should be understood:
Aquifer: A water bearing groundwater source.
Capacity: For purposes of this thesis the term is considered similar to 'resilience'. See 
'resilience'.
Climate change: A change in the statistical properties of the climate system when considered 
over long periods of time, regardless of cause (NSIDC, n.d.; Houghton, 2001).
Community: The individuals and households that live in settlements. Although 
settlements are the entities for measurement in the context of this research, 
it is the characteristics of communities which may ultimately influence their 
level of risk.
Disaster: 'A progressive or sudden, widespread or localised, natural or human- 
induced occurrence which: a) causes or threatens to cause i) death, injury or 
disease; ii) damage to property, infrastructure or the environment; or iii) 
disruption to the life of a community; and b) is of a magnitude that exceeds 
the ability of those affected by the disaster to cope with its effects using 
only their own resources' (South Africa, 2003: 5).
Disaster Management: 'A continuous and integrated multi-sectoral, interdisciplinary (or trans-
disciplinary) process of planning and implementation of measures aimed at
Disaster Risk:
a) preventing or reducing the risk of disasters; b) mitigating the severity or 
consequences of disasters; cjemergency preparedness; d) a rapid and 
effective response to disasters; and e) post-disaster recovery and 
rehabilitation' (South Africa, 2003).
See 'risk'.
Doline: An enclosed occurrence of compaction subsidence of the ground, usually 
associated with dolomitic ground subsidence and sinkhole hazards (Buttrick 
et a i, 1993; CGS, n.d.(a)). Two main types of dolines exist, namely 
dewatering-type and surface saturation-type dolines. The dewatering-type 
occurs gradually and generally appear as a large enclosed depression, while 
the surface saturation-type is relatively small (less than 5m in diameter). A 
partly developed sinkhole (which are sometimes referred to as a third type), 
is an 'incompletely developed sinkhole', and has a similar surface
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Dolomite:
Dwelling types:
Formal dwelling:
Formal settlement:
appearance as the former two types, but is caused through erosion of 
underground materials (ibid.).
Dolomite rock is composed of the mineral 'dolomite', which is a calcium and 
magnesium carbonate. As a rock, which is what it refers to in this document, 
it refers to land which is underlain by dolomitic geology, either directly, or at 
shallow depth (up to about 100m) (Waters, 2002; DPW, 2010). The South 
African Bureau of Standards (SABS) South African National Standard (SANS) 
for Development of dolomite land defines dolomitic ground as 'land 
underlain by dolomite or limestone rock directly or at a shallow depth 
typically less than:
a) 60m in areas underlain by limestone;
b) 60m in areas underlain by dolomite where no dewatering has 
taken place and the local authority has jurisdiction, is monitoring 
and has control over the groundwater levels over the areas under 
jurisdiction; or
c) 100m in areas underlain by dolomite where dewatering has taken 
place or where the local authority has no jurisdiction or control over 
groundwater levels' (SABS, 2012).
In most places in the GCR, the latter is the case, where the local authority 
does not have control over ground-water levels. Chert-rich dolomite is not 
favoured for building on, while chert-poor soils are generally considered to 
be better. However, potential for development depends on the site-specific 
hazard classification, which is based on a geotechnical assessment.
Dwelling type considers the construction cost, unit size, construction 
techniques, materials and types or means of service delivery. Together with 
density classifications, it provides an understanding of settlement types in 
the context of this research.
a dwelling that is formally designed and approved by an authority 
(provincial, municipal or town council), and constructed from durable 
materials (usually brick and mortar, or in specific design cases, metal, wood 
or similar durable materials. The key feature of a formal dwelling is that it is 
approved for dwelling purposes and that basic services (such as water, 
electricity and sanitation) are provided within the dwelling. Services may be 
provided via formal, approved and certified infrastructure networks, or it 
may be certified/approved off-grid forma, for example via local water 
supply/borehole, solar/wind-power supply on-site, or on-site septic tank. 
Formal dwellings are found in formal settlements and it is very rare to find a 
formal dwelling in an informal settlement (see definition later on).
A settlement that is formally planned by authorities or development agents, 
and developed with the purpose of providing legal tenure to residents living 
on the stands. Formal settlements usually have stand-piped water and some
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form of electricity or sanitation provision. Some formal settlements may, 
however, be characterised by informal dwellings and poor provision of basic 
services.
Elements at risk: These may be environments, structures, communities or individuals that 
may experience risk. In the urban context this generally includes people, 
buildings (residential or other) and infrastructure such as pipelines, cabling, 
and transport routes. Depending on the context in which it is considered, 
elements at risk may also include ecological services and biological 
components such as fauna, flora, soils, water or other features of the 
natural environment.
Geohazard: '... any Earth process that poses a risk to human life, including landslides and 
volcanoes, floods and freak tides, tsunamis, sinkholes, and 
earthquakes' (QUEST, 2008).
GIS: A 'tool or technique for the collection, storage and analysis of objects of 
which the geographical location is a critical part of the analysis' (Aronoff, 
1989: 1). It is a computer-based tool for mapping and analysing geographic 
phenomena that exist, and events that occur, on Earth. It refers to an 
organised activity that integrates database operations such as query and 
statistical analysis with visualisation and analysis (Chrisman, 1997: 5).
Hazard: A source of potential harm or injury, or an existing 'situation with a potential 
to cause loss' (SABS, 2009: 26), that may occur suddenly or have a slow 
onset (GCS, n.d.). Erickson (2006) defines it further to include the level of 
harm or the injury itself. This double meaning often results in the confusion 
of cause and effect. However, the word 'hazard' always denotes a possibility 
or potential of the severity of an effect, and in the context of this research 
refers to the 'cause'.
Hazard zoning: 'The categorization of hazard zones according to a hazard rating or hazard 
evaluation' (Strydom, 2003: 5). This is usually determined during a risk 
analysis process.
Household: In the context of this research, individuals that live together in one dwelling 
and share on average at least one meal per day, together.
Impact: The effects of a specific hazard on an area, building or settlement with a 
specific vulnerability. Thus the intersection between the existence of a 
hazard and the level of vulnerability of the exposed or affected place(s) or 
person(s).
Informal dwelling: An informal dwelling is defined as a structure made from sheets of wood, 
metal/corrugated iron, plastic and the like, which does not meet basic
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standards of safety in building (CoCT, 2005). These buildings are less durable 
than those formally approved and built according to housing codes and 
standards. Informal dwellings are found (in South Africa) in both formally 
planned and developed, as well as informal/illegal settlements -  in fact, the 
nature of the structure itself may be exactly the same, whether the 
structure is in a formally established and serviced neighbourhood or not. 
Service delivery to informal dwellings are done either via the structures 
provided within a formal settlement (i.e. connected to a formal house or 
services on a recognised stand), or via basic service delivery efforts within 
informal settlements (see below for definition).
Informal settlement: For purposes of this study, the definition of informal settlements as set out
on the website of the Department of Human Settlement's National 
Upgrading Support Programme (NUSP, n.d.) was adopted, as referred by 
Huchzermeyer et at. (2014): Informal settlements exist where housing has 
been created in an urban or peri-urban location without official approval. 
Informal settlements may contain a few dwellings or thousands of them and 
are generally characterised by inadequate infrastructure, poor access to 
basic services, unsuitable environments, uncontrolled and unhealthy 
population densities, inadequate dwellings, poor access to health and 
education facilities and lack of effective administration by the municipality. 
This is sometimes referred to as unplanned settlements, squatter 
settlements, unconventional dwellings, non-permanent structures, slums or 
inadequate housing (WHO, n.d.).The key focus here is that these 
settlements house people living on land that they have no legal claim to or 
the homes and land do not follow codes and regulations (Brite, n.d.). Service 
delivery in these areas is usually poor, and characterised by for example 
localised water provision (one pipe every 200m or even more), VIP-toilet 
facilities being shared by a number of persons; access to electricity services 
are often gained illegally).
In situ upgrading: The provision of basic services to informal settlements, without adjusting or
upgrading the dwellings or living units. This includes provision of standpipe 
drinking water, basic sanitation (for example, through ventilated improved 
pit latrines), and basic electrification.
Karst landscapes: Land underlain by among others dolomite geology. It is characterised by
sinkholes, compaction subsidences (also see 'dolines') and associated 
geological formations and aquifers.
Low-income human settlements: Settlements within which individuals and households generally live 
'hand-to-mouth', and are unable to save effectively, regardless of whether 
the dwellings are formal or informal (see definitions above) or whether the 
settlements are considered formal or informal (as per definitions provided 
earlier). This may therefore include dwellings such as social or rental housing
289
stock, subsidised housing, backyard shacks and informal dwelling 
units/'shacks'.
Low-cost housing: In South Africa, this typically refers to a subsidised dwelling structure with 
brick walls and a corrugated iron roof, with limited bedroom(s), 
kitchen/living area and a bathroom. The usual cost of such a dwelling on a 
small stand is at most R80 000 (US$1 = R 7.90 in October 2011). This gives 
rise to the use of the term LIHS to include not only informal dwellings and 
informal settlements, but also formally built structured in formally planned 
and serviced townships/suburbs, as well as subsidised and related housing 
types, considering the financial resilience of the individuals and households 
that live in it.
Manageability: In the context of this research it refers to the capability of local or provincial 
administrations or governments to manage the prevention, mitigation, 
response and recovery efforts associated with disasters.
Marginal(ised) land: In the context of this research, areas that include land that is compromised 
due to its geomorphological conditions of location in areas where natural 
hazards are present. It focuses especially on centrally located land that may 
be considered dangerous for human habitation.
Multi-dimensional risk assessment: A trans-disciplinary and multi-sectoral approach to disaster risk
NORSAR:
assessment.
The Norwegian Seismic Array (NORSAR) is an independent geo-scientific 
research foundation established in 1968, specializing in software solutions 
and research activities within applied seismic and seismology (NORSAR, 
n.d.).
Resilience: In the context of this research, also referred to as 'capacity'. It signifies the 
importance of elements that exist within the fibres of the community to 
counter their vulnerability (Rose, 2011), and which may include aspects such 
as indigenous knowledge and coping mechanisms. It refers to strengths and 
resources which are present in individuals, households and communities 
that 'enable them to cope with, withstand, prevent, prepare for, mitigate or 
... recover from a disaster' (GCS, n.d.).
Risk: In the context of this research, also referred to as disaster risk. '(T)he 
possibility of something happening that will have an impact' (SANS, 2009: 
26). It is measured in terms of consequences (outcome of an incident or 
situation, which occurs in a specific place or area at a specific time (or 
duration)), frequency and likelihood (ibid). All risk cannot be entirely 
eliminated, and the problem that is faced is how much risk is acceptable or 
tolerable and how should the risk be managed (Morgan, 1995b: 15).
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Risk assessment: The process of evaluating the level of risk. Risk assessments answer the
question of what the magnitude of the posed risks is (Morgan, 1995b: 17).
Risk management: Also referred to as risk abatement. It refers to the extent to which risks can
be controlled, regulated or limited, the level of risk that should be chosen, 
who should be responsible for managing the risks and what institutional 
arrangements should be involved (Morgan, 1995a: 17).
Roll-over upgrading: A process of informal settlement upgrading where communities are
temporarily moved while subsidised housing is built on the previously 
occupied land.
Settlement: In this research, it refers to the physical nature of the density, layout and
dwelling types within which communities live.
Settlement types: The categorisation of dwelling and density classifications related to UHS.
Sinkhole: A sinkhole is a feature that occurs suddenly and manifests itself as a hole in
the ground (CGS, n.d.(a)). This is not the same as a compaction subsidence 
or 'doline', as defined earlier. Sinkholes vary in size and are classified 
accordingly, as indicated in the Table below:
Table: Suggested classification of sinkholes in terms of size
Maximum diameter of surface manifestation (in metres) Terminology
< 2 Small sinkhole
2 -5 Medium size sinkhole
5-15 Large sinkhole
> 15 Very large sinkhole
Source: Buttrick and van Schalkwyk (1998), in CGS (n.d.(a)); DPW (2010).
Spatial data layer: A data set which is represented by a single geographical type of data (for
example, point, line or polygon/closed area). For example: layers of data 
sets of the same area: roads, rivers, buildings and contours are four separate 
layers that can be overlaid to make a map.
(Urban) Sustainability: In the context of this research, it refers to the ability of inhabitants of urban 
areas and the built environment to live within their means. In short, it 
requires that the processes and flows of economies, ecologies and resources 
(such as water, energy, waste etc.) within cities may be able to maintain 
itself without interference from external areas. It is the ability of the current 
system and its inhabitants to sustain itself, without compromising the ability 
of future systems and inhabitants to support itself. More recently, it started
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Vulnerability:
Walk-up apartments:
referring to the consideration of Quality of life and happiness indexes, as 
opposed to purely financial growth measurement.
The degree to which a structure, settlement, individual, household, 
community, area or development may be adversely affected by the impact 
of a hazard (UNISDR, 2004). This depends on their resilience, rebound and 
adaptive capacities, and are medium or long-term factors which weaken the 
ability of communities to cope with sudden or slow onset disasters (GCS, 
n.d.). Adger (2006) further defines it as 'the state of susceptibility to harm 
from exposure to stresses associated with environmental and social change 
and from the absence of capacity to adapt'.
Residential buildings up to four storeys with two apartments per floor, thus 
allowing eight households on a stand of approximately 3000m2and sharing 
single inlet (water supply) and outlet (sewer, waste water and stormwater) 
services for each apartment block (Warwick and Roux, 2004).
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Field Observation Form:
Name of suburb/area visited:_____________________________________
Name of settlement and/or extension in settlement:_____________________________
Other name(s) settlement known as (if applicable):________________________________
Location: top right and bottom left corner GPS coordinates (if available):
Top right corner:________________________
Bottom left corner:______________________
Description of location: (any identifying features that is not expected to change much over the next 
few years)_________________________________________________________________ __
Map indicating boundaries: add to this form a printed hard copy map on which the boundaries of 
the area in question is indicated: there may thus be more than one form for any given settlement, 
each with unique GPS locations and a map indicating its position and extent, based on the 
settlement type.
Settlement type/description: _________________________
Select the most appropriate option in each of the tables hereafter. Indicate in the comments section 
if there is any indicator or field in an indicator that does not match, does not fit in any of the options 
or that should be noted during the evaluation:
Income -  perceived opinion: _____________________________________________________
General comments about the settlement location or type:
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Hazard (this section completed using available geotechnical assessment/report data, based risk 
assessment(s) done for the area, based on guidelines and standards applied for development on 
dolomite):
Pr(h)
High Medium Low
1 0.8 0.6
1(h)
Large sinkholes Medium size sinkholes Small sinkholes
1 0.8 0.6
E(d)
High Medium Low
1 0.8 0.6
0®
High Medium Low
1 0.8 0.6
p® 1:10 years 1:20 years 1:50 years 1:100 years > 1:100 years
1 0.8 0.6 0.4 0.3
Vulnerability completed on-site and in-office based on available data/information)
Ss
A1
(dense
shacks)
A2
(as A l ,
less
dense)
B1
(shacks
+houses,
dense)
B2
(as B l,
less
dense)
C l
(houses 
, dense)
C2 (as 
C l,  less 
dense)
D (houses 
with
backyard
units)
E l
(Raft
founda­
tions)
E2
(W alk-
up/
hostels)
F
(Flats)
No
settlement
(natural
condition)
0.9 0.6 1 0.7 0.8 0.5 1 0.2 0.3 1 0.1
Ts
Unknown Long term unchecked/ 
undetected /unfixed 
leakage (>6 months)
Medium term 
unchecked
Short term
unchecked/
unfixed
No development
1 1 0.8 0.6 0.1
Ps(n)
N/A In river 
channel
20 year 
floodline
50 year 
floodline
100 year indicative 
floodline (if known)
200 year indicative 
floodline (in known)
Natural
condition
0.01 0.9 0.8 0.6 0.5 0.4 0.1
Ps(ip)
Porous, old, clay/cem ent 
pipes/new  clay pipes
PVC single-lined pipes and 
non-approved fittings
PVC double-wand pipes 
and approved fittings
None/not
applicable
1 0.8 0.4 0.1
Ps(ir)
None/
infor­
mal
Formal canals 
w ithout lining
Canals with 
cement lining/ 
cement pipes
Canals/pipes with 
PVC or single­
surface lining
Canals with appropriate 
lining/double-wand PVC 
pipes and approved 
fittings
Natural
area
1 0.9 0.8 0.6 0.4 0.3
Ps(gt)
Predominantly 
no ewes or 
gutters
Gutters with direct run-off 
into ground, < lm  aw ay from 
structure
Gutters leading l-3 m  aw ay 
from structure
Gutters leading 
>3m aw ay from 
structure
Natural
area
1 0.8 0.6 0.4 0.1
Ps(is)
Porous,
old,
clay/
cement
pipes/
new
clay
pipes
PVC
single-
lined
pipes &
non-
appro-
ved
fittings
PVC
double­
wand 
pipes and 
approved 
fittings
Portable
toilets
VIP/
contain
ment
on site
w ithout
lining
VIP/containm ent 
on site cement 
lining
Containm ent on 
site approved 
lining ('honey- 
sucker'-type)
Bucket-
system
Natural
i 0.8 0.4 0.2 1 0.9 0.6 0.3 0.1
Comments and observations:
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Comments on observations of other elements that may introduce risk:
Gardening practices:____________________________________________________________
Schools and public spaces in the area?_____________________________________________
Interaction with natural streams/watercourses: Water collection/extraction from river e.g. via 
buckets or pumped/piped?______________________________________________________
Water supply (additional): Rainwater tanks? Water by car/cart?________________________
Stand pipes: Type of interventions: good, limited, none?______________________________
Stand pipes: Illegal connections?__________________________________________________
Recreation: swimming pools etc.?_________________________________________________
General comments and observations:______________________________________________
Manageability:
M(o)
Full
ownership
Sectional
title
Body corporate Shack-lords No ownership 
(rental/illegal)
0.1 0.5 0.4 0.8 0.9
M(m)
By-laws 
re: ground 
water 
level 
control
Level of 
engagement
Protocols Processes
and
guidelines
Com m unity
awareness
programmes
(including
brochures
and DVD's)
Fixed long­
term
contracts in 
place with 
approved 
service 
providers to 
plan, test & 
respond
Development 
planning 
applications 
go through a 
defined set 
of steps to 
ensure safety 
on dolomite
Yes = 0.01; 
No = 0.9
High = 0.1; 
low = 0.9
In place & 
implemented 
= 0.01; none 
= 0.8
In place & 
implemented 
= 0.01; none 
= 0.8
In place & 
implemented 
= 0.01; none 
= 0.8
In place & 
implemented 
= 0.01; none = 
0.8
In place & 
implemented 
= 0.01; none 
= 0.9
Comments and observations:
Capacity:
C(e)
High Medium Low
0.3 0.5 0.8
C(b)
Undetermined Poor Average Good
1 1 0.7 0.3
C(i)
Poor Not too poor Com fortable W ealthy
1 0.8 0.6 0.4
Comments and observations:
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Re: Participation in research 12 September 2013
Dear_____________________
Introduction and background
I, Maryna Storie, am a PhD student at the School of Architecture and Planning in the Faculty of 
Engineering and the Built Environment, at the University of the Witwatersrand (Johannesburg) 
(WITS). My research relates to the vulnerability of low-income settlements on dolomitic ground and 
is entitled "Dangerous Development on Dolomite: Considering physical vulnerability of low-income 
human settlements in the Gauteng City Region in South Africa". I am hereby inviting you to provide 
inputs into the research by means of participating via the completion of a questionnaire that would 
feed into a Multi Criteria Analysis of the topic.
The reason for the research is based on considerable development and upgrade pressure being 
placed on government agencies, for low-income and especially informal settlements. The over­
subscription to affordable housing places pressure on housing resources in already densely 
populated and ever-growing urban regions such as Gauteng. As you are aware, this region in 
particular is characterised by large expanses of dolomitic ground of various hazard levels, making 
development and upgrading more costly and in some cases unfavourable in these areas. Informal 
and low-income settlements that are characterised by a presence of unauthorised backyard dwelling 
units portray characteristics that are not necessarily controlled via dolomite-specific regulations, 
guidelines and practices. The situation leads to potentially high-risk human settlement, without a 
clear measure of determining the relative levels of risk that such settlements may face. My research 
is not intended to comment on or evaluate the existing South African regulations and guidelines 
regarding development on dolomite; however, it aims to enlighten the debate that surrounds low- 
income settlements on such ground and provide insight into variances between different types of 
low-income settlements that may (or may not) exist in regards to its location on dolomite.
Nature of this request
This letter invites you to participate in the abovementioned research, with your interaction and 
involvement having no reference to or impact on your professional or official position or standing. I 
have selected you as part of an anonymous panel of 34 potential participants, based on my 
understanding of your knowledge regarding to dolomite and/or settlement development and 
upgrading in the study region. Your technical and practical knowledge regarding the subject is highly
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valued and I would appreciate it if you could engage in the research by completing the attached 
questionnaire.
The completion of the questionnaire will take approximately 20 (twenty) minutes of your time and 
you may complete it at your leisure, at any time and place. I would appreciate if you could return the 
questionnaire to me within three weeks (15 working days) of you receiving it. Your participation is 
voluntary and due to the nature of my research and its funding I am not able to pay you for your 
professional inputs.
Should you choose not to participate in the study, it will have no adverse consequences and you will 
not risk any institutional sanctions. Should you choose to participate, your participation will be 
treated with utmost confidentiality and anonymity. At no stage will your name be associated with 
any specific answers given or comments made. The chosen method of evaluation (using the 
Analytical Hierarchy Process (AHP)) is designed to ensure confidentiality of responses, since the 
combined result of responses is what determines the research analyses. The only data that will be 
presented in my research thesis is the resultant combined data that is analysed via the AHP method. 
Should you choose not to answer any particular questions, you may leave those answers out. You 
may also withdraw from the study at any time during the completion of the questionnaire, again 
without any adverse consequences.
During and after the research, hard copies of documents and associated electronic data (on an 
external hard drive) will be stored in a fire safe at my home address, to which only I have access. For 
purposes of confidentiality, the page containing your name, surname and contact details on (on 
page 2 of the questionnaire), will be kept separate from the actual questionnaire (pages 5 -  14).
Your details will only be used to allow me to contact you, should I have any queries regarding 
information or comments given, during the data analysis. The raw data gathered will be destroyed 
after a period of five (5) years.
Research reporting
The study will be reported as a PhD thesis document, and will be available from the University of the 
Witwatersrand Main library as well as on the University's publically accessible Internet site through 
which PhD documents are made digitally available. I also plan to publish papers based on the 
research, during the course of the research and shortly thereafter.
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Should you require a summary of the research, I would be able to provide you with the executive 
summary of my thesis once it is completed.
Should you have any queries regarding this research or your participation, please do not hesitate to 
contact me or my supervisor, Prof. Marie Huchzermeyer, at the details provided below.
Yours sincerely
Maryna Storie
cell number: 083 306 2804; e-mail address: maryna.bluegravity@gmail.com 
Prof. Huchzermeyer can be contacted on: marie.huchzermeyer@wits.ac.za
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List of proposed participants for specialist input into AHP
This list proposed participants. It is excepted that some persons would not want to participate: participation will depend on their availability and willingness to participate.
Group 1: Consulting/Geotechnical Engineers
Email Address (last best known at time 
of thesis submission)
Attended 
workshop 
Nov 2011
Stephan Potgieter Director A G E S  (Pty) Ltd spotgieterf3ages-group.com y
Pieter Pretorius Engineer A G E S  (Pty) Ltd ppretoriusf3ages-group.com V
Heather D avis
Sector Manager: Geotechnical 
En g in e e rin g A E C O M  S A (P t y )  Ltd heather.davis(5taecom.com n
Retha Esterhuizen Engineer A E C O M  S A  (Pty) Ltd retha.esterhuizentaaecom.com n
R o ss Dold Geotechnical En g in e e r A E C O M  S A  (Pty) Ltd ross.doldfaaecom.com n
C ra ig M cLu ckie Geotechnical En gin eer A E C O M  S A  (Pty) Ltd craig. mcluckiefaaecom. com n
K o b u s Booyens Civil En g in e e r S C IP  E n g in e e rin g  Group kobus(3scip.co.za V
Niel Kruger Architecture S C IP  E n g in e e rin g  Group niel<3scip.co.za V
P h ilip Booyens En gin eer S C IP  E n g in e e rin g  Group philipfascip.co.za V
Derek W arwick Principal En g in e e r S R K  C onsu lting derek.warwickf3srk.co.za y
E ric Stoch Soci ol ogi stfE nvi ronmental consul tant Stoch Group eistochf3iafrica.com y
Hendrik K irsten Geotechnical En g in e e r Private n
Use K le in h a n s En g in e e r VGI Consult vgiptaeastfagmail.com y
Nicole Tro llip En gin eer VG I Consult nicolef3vgiconsult.co.za y
Group 2: City of Joburg
Jo h n W illiam son Geologist
City of Jo h a n n e sb u rg  Metropolitan 
M unicipality JohnWillfa joburg. or .^za y
Peter Ahm ad
S A C P L A N : Professional Planner; 
Registration Pr. P in  AJ1575/2012
City of Jo h a n n e sb u rg  Metropolitan 
M unicipality petera^ioburg.org.za
n
Group 3: City of Tshwane
A sh ika S u d u
Deputy Director: Geological and 
Geotechnical En g in e e rin g  
M anagem ent
City of Tshw ane
AshikaSf3tshwane.gov.za
y
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Group 4: Ekurhuleni Metropolitan Municipality
Anton B a sso n R egional M anager: B u ild in g  Control Eku rh u len i Metropolitan M unicipality Anton.Basson0ekurhuleni.gov.za V
Bernard W illiam son
t'xgcutrveivianager: Human-------------
Settlem ents, Strategic Support & Eku rh u len i Metropolitan M unicipality Bernard.Williamson0ekurhuleni.gov.za V
F ra n co is Meyer P la n n in g Eku rh u len i Metropolitan M unicipality Francois.Mever0ekurhuleni.gov.za V
Group 5: MogaleCity local municip dity
Baby-doll Mahlo
Eco n o m ic  services: Developm ent and 
P la n n in g
M ogale City Lo ca l M unicipality babvdollm^imogalecitv.Bov.za V
Mona Motjuwadi H um an Settlem ents M ogale C ity Local M unicipality monarTKSmogalecitv.gov.za V
Group 6: Randfonte n and Westona ria local municipalities
Jo sh u a Moloi Director: Developm ent P la n n in g Randfontein Lo ca l M unicipality Joshua.moloi0randfontein.gov.za V
V u si Hadebe M anager: Tow n P la n n in g Randfontein  Local M unicipality vusi.hadebe0randfontein.gov.za V
Mpoti M achaba
HOD: Infrastructure Developm ent and 
P la n n in g
W estonaria Local M unicipality rrabuthu0 Westonaria.gov.za V
Group 7: Community initiatives/NCiO's
Deedee (Andre) M engi
Com m unity O rganisation  R esou rce  
Centre (C O R C ) demenEi0vahoo.fr V
M akang Mathobela A rchicture  drau ghtsm an
Lu v u m b a  Com m unity Developm ent 
Initiative makanEsportings0vahoo.com V
Kate T iss in g to n S E R I Kate0seri-sa.org V
Group 8: Council for Geoscience
G reg Heath M anager Dolomite Stability
e x-Council for G e o scien ce , Now with 
m in in g  industry V
Kefyalew T e g e g n Geologist Council for G e o scien ce ktegegn0Eeoscience.orE.za V
Group 9: Provincial Government
Ja m e s Cattanach C h ie f En gin eer: D L G H G auteng Provicia l Governm ent: D L G H iames.cattanach0gauteng. gov.za V
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Group 10: The National Home Builders Registration Council (NHBRC)
Neels Swart NHBRC neels. swart (Shotmail.com
Lerato Ramatlapeng NHBRC leratorPnhbrc.org.za
Howell Mathode NHBRC howellmpnhbrc.org.za V
Tshilidzi Lishivha NHBRC tshilidzilpnhbrc.org.za V
Xolo Mdake NHBRC xolompnhbrc.org.za y
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APPENDIX I: QUESTIONNAIRE USED IN THE ANALYTICAL HIERARCHY PROCESS
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A PAIRWISE COMPARISON OF LOW-INCOME HUMAN SETTLEMENTS ON DOLOMITE, BY ANALYTIC HIERARCHY PROCESS, AS A FORM OF MULTI CRITERIA ANALYSIS
1. Introduction
1.1 Brief introduction to the study
In the developing world, low-income settlements, especially informal settlements and settlements with backyard dwellings on stands, are in reality not governed by the 
same rules and guidelines as formally developed middle and higher income settlements are. Thus, even though there may be regulations and firm guidelines regarding 
development and upgrading of settlements on for example dolomite, these often apply more rigorously where formal development standards and planning practices are 
monitored. A large number of low-income settlements fall outside of the ambit of these requirements not because of the regulatory framework itself, but due to the 
informality of the situation and these settlements often being historically located on dolomitic ground and growing in size over a number of years. My research aims to 
investigate the relative importance of variables that relate to low-income settlement vulnerability on dolomitic ground, to provide an understanding of the various 
elements that may exist in such settlements where upgrading and basic service delivery becomes a contentious issue. Potentially, the research may enlighten the debate 
around whether and why such settlements may or may not remain/be moved, or upgraded.
The questionnaire aims investigate the perceived level of vulnerability of low-income human settlements (LIHS) to dolomitic conditions, particularly in relation to physical 
elements of the settlement, based on the presence and quality of waterborne services, and management and -maintenance thereof. In this context, vulnerability is 
considered a function of the level of risk that a community may face. It is recognised that a communities' understanding of their own vulnerability and the role that they 
themselves play in increasing or reducing the risk that they face, plays a significant role in the ultimate level of vulnerability of LIHS on dolomite. Therefore, the 
questionnaire investigates the physical elements mentioned above, while considering the perceived manner(s) in which communities potentially interacts with their 
physical living environment, based on their socio-economic status.
This questionnaire asks of you to identify to the best of your knowledge the relative and perceived importance of variables that may be relevant to LIHS 
development/upgrading on dolomite.
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1.2 An explanation of the AHP method
My research uses the AHP (Analytic Hierarchy Process) method - a form of Multi Criteria Analysis (MCA) that requires the input of specialists to quantify variables in a study. 
It is important to note that it is the knowledge from many different respondents to the questionnaire, being normalised, that provide a potentially applicable outcome to 
the research. At no time during of after the research is conducted will any specific or individual inputs be associated with the overall outcome or individual elements of the 
results of the study. This method not only removes liability to any individual participant but also allow for increased objectivity of the results.
The method involves pair-wise comparisons of each parameter in the assessment, in relation to an objective -  in this case the degree to which each element of a 
settlement, relative to each other, is considered to affect LIHS vulnerability on dolomite. A resulting matrix of subjective pair-wise scores provided by participants are 
mathematically processed into an objective, quantitative and relative ranking for each parameter.
1.3 Details for participation
There is no right or wrong answer: the answers given by a number of respondents will be analysed and compiled into a single reflection of informed, although unproved 
(since no laboratory or field testing is done), information pertaining LIHS vulnerability on dolomite. Your input in this questionnaire will be kept strictly confidential and your 
answers will in no way be connected to your name during any stage of analysis, calculation or reporting. The records will be kept confidential and any hard or soft copies 
related to the research will be destroyed after five (5) years of this thesis being completed. Thank you for your participation.
Your name and answers given below as well as the consent which I request you to sign will be kept separately from section 2 of the form (the actual AHP questionnaire).
Name and 
Surname:
Organisation/Affiliation: Position:
Years experience: 
development on 
dolomite
Field of expertise in relation to this 
study:
Telephone 
number(s) 
and/or e-mail 
address(es):
On a scale of 1 -  5, where 1 is "low" and 5 is "high", what do you consider your level of knowledge regarding the development and upgrading of settlements on dolomite is 
(this answer will be used to determine inclusion or exclusion of the questionnaire in analyses procedures)?____
Why do you say so?
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Consent form:
I,____________________________________________________________ (name and surname) hereby confirm that I understand my participation to the above-
mentioned research. I understand that WITS and the researcher engaged in this study respect my right as individual and that:
o I consent to the research without coercion; 
o questions posed to me are not insulting or embarrassing;
o confidential matters that could place me in an embarrassing, false or compromising position vis-a-vis authorities, are handled circumspectly; 
o my privacy and wishes are respected, i.e. anonymity is maintained; and 
o I am informed as fully as possible as to the aims and possible implications of the research.
Signed on (date) at (place)
Signature:
Witness 1 (name & surname): Witness 2 (name & surname):
Signature of witness 1: Signature of witness 2:
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2. Questionnaire Instructions
OBJECTIVE: To establish the degree to which each criterion, relative to one another, affects the settlement risk in general, when considering elements at risk for low- 
income settlements on dolomite. Please refer to the tables for the descriptions of each criterion. Dolomite hazard levels are not considered since that is 
governed by legislation, rules, guidelines and building regulations and governed by the NHBRC, Council for Geoscience, etc.
SUB-OBJECTIVE 1: To establish the relative importance of each criterion as a stressor to the perceived safety of LIHS on dolomite
STEP 1: Consider the criteria described in Table 1. Make pair-wise comparisons between the different criteria, by comparing each factor to every other factor in 
terms of its perceived level of risk and assign a comparative score to each in Table 2.
SUB-OBJECTIVE 2: To establish the range in intensity of impact of variables within each criterion
STEP 2: The criteria are sub-categorised to scale the intensity within each criteria. Please assign a score for the sub-categories listed in Table 3. You may add 
comments or reasons supporting your perception/choice.
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Note: the details below relate to vulnerability factors for LIHS on dolomitic ground regardless of the hazard classification based on geotechnical 
evaluations/reports or any formal engineering studies in any particular development or upgrading area.
Table 1 - DESCRIPTIONS
C R IT E R IA V A R IA B L E S D E S C R IP T IO N  / D E F IN IT IO N
A Vulnerability elements
1
S e n s it iv i t y  t o  s t r e s s  (S s ) :
indicating the physical 
sensitivity of the dwelling 
unit, based on formality, 
build-material type, 
foundation type, presence 
or potential for presence 
of backyard dwelling units, 
number of levels, etc. (the 
settlement "types" and 
description/definition was 
defined earlier on in this 
study)
1 Not very dense shacks Constructed from metal, plastic, cardboard, around a frame of wood/metal, at least 5m spacing between 
units
2 Dense shacks Constructed from metal, plastic, cardboard, around a frame of wood/metal
3 Not very dense 
informal dwellings 
(non-approved 
dwellings)
Constructed from durable materials (brick & mortar), but not formally designed or following recognised 
building/construction standards, at least 5m spacing between units
4 Informal dwellings 
(non-approved)
Constructed from durable materials (brick & mortar), but not formally designed or following recognised 
building/construction standards
5 Houses less dense, no 
special dolomite 
foundation
RDP type dwellings, as well as low-income houses formally designed and constructed, to recognised 
building standards, at least 10m spacing between units, but with no dolomite-specific building 
consideration e.g. raft foundations
6 Single /lone standing 
houses, no special 
dolomite foundation
RDP type dwellings, as well as low-income houses formally designed and constructed, to recognised 
building standards, but with no dolomite-specific building consideration e.g. raft foundations
7 Houses with backyard 
units
Same as above, but with backyard shacks -  any density (but usually no more than 5m spacing between 
units), with no dolomite-specific building consideration e.g. raft foundations
8 Raft foundations 
single storey
Same as above, but with appropriate dolomite-specific foundations and related waterborne infrastructure 
requirements adhered to
9 Walk-up
apartments/duplexes/
Up to 3 storeys walk-up apartments or hostel-like structures, conforming to dolomite-specific 
requirements
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hostels, on raft 
foundations
10 No settlement Natural condition (no human intervention)
2
State of monitoring (St)
(consideration of the 
duration of a possible 
undesired state e.g. 
leaking water or sewage 
pipe) in relation to the 
dolomite risk). This would 
take into account 
maintenance protocols at 
a municipal level as well as 
household/stand level, for 
both sanitation and water 
services.
1 Unknown Unknown or checked on more than five year interval
2 Long term unchecked Five year or less, interval
3 Medium term 
unchecked
Up to one year interval
4 Shortterm unchecked 3 months or less interval
5 No development Natural state
3
Probability of exposure to 
natural feature stress 
(Ps(n)): if there are natural 
features
(river/wetland/floodplain) 
in the close vicinity to the 
settlement
1 Not applicable No water course in vicinity of settlement
2 In river channel In river channel or wetland area
3 In 50 year floodline Floodline as determined via hydrological studies (if available)
4 In lOOyear indicative 
floodline
Floodline as determined via hydrological studies ( if available)
5 Unknown Floodline undetermined, but within short distance from watercourse
6 Natural Natural state, river but with no settlement in vicinity
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4Probability of exposure to 
water infrastructure 
stress (Ps(ip)): piped 
(above or underground) 
waterborne infrastructure 
services
1 Clay/cement/concrete
pipes
Usually older pipes, may be porous/damaged but the state may be uncertain
2 PVC single-lined pipes 
and non-approved 
fittings
Usually illegal/self-made connections by residents
3 PVC double-wand 
pipes and approved 
fittings
Dolomite-approved installation and materials
4 Unknown
5
Probability of exposure to 
stormwater runoff stress 
(Ps(ir)): stormwater runoff 
infrastructure services
1 None/informal 
(including self-made 
grassed areas or 
infiltration devices 
around taps)
In settlement, any runoff e.g. from stand-pipe supplied water, over the ground or into the soil
2 Canals without lining Soil walled canals
3 Canals with 
cement/concrete 
lining / concrete pipes
Potentially porous
4 Canals/pipes with PVC 
or similar single­
surface lining
5 Canals with 
appropriate 
lining/double-wand 
PVC pipes and 
approved fittings
Dolomite-specific approved
6 Natural areas Natural state, no settlement
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6Probability of exposure to 
gutter stress (Ps(gt)):
presence of gutters and 
gutter run-off type
1 No gutters Predominantly no gutters
2 Gutters with direct 
run-off into ground, 
up to lm away from 
structure
3 Gutters leading l-3m 
away from structure
4 Gutters leading more 
than 3m away from 
structure
5 None Natural area
7
Probability of exposure to 
sanitation stress (Ps(is)):
sanitation infrastructure 
services
1 Clay/cement/concrete
pipes
Usually older pipes, may be porous/damaged but the state may be uncertain
2 PVC single-lined pipes 
and non-approved 
fittings
Usually illegal/self-made connections by residents
3 PVC double-wand 
pipes and approved 
fittings
Dolomite-approved installation and materials
4 Portable toilets Assumed being well-maintained and cleaned on a regular basis
5 VIP/containment on 
site without lining
Porous sides and bottom
6 VIP/containment on 
site cement/concrete 
lining
Potentially porous
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7 Containment on site 
approved lining
Honey-sucker system/approved system for dolomite development
8 Bucket-system Assumed regularly emptied away from settlement site
9 Natural No settlement
10 Unknown If the type of sanitation infrastructure is unknown
B M anageability elements
8
Maintenance: ownership 
M(o) Relate to certainty of 
maintenance and fixing of 
leaks in waterborne 
infrastructure. 
Consideration of tenure 
and unit management and 
level/strength of control 
over development and 
maintenance (e.g. 'shack 
lords', individual 
ownership, rental, body 
corporate)
1
Full ownership
2 Sectional title/Body 
Corporate
3 Shack-lords
4 Community Community-managed/community-policing, e.g., through community organisation or social 
structures/chieftaincy
5 No ownership/illegal Assumed entirely unmanaged (i.e., no social engagement)
6 Unknown
9
Maintenance: municipal 
M(m) The level of 
engagement, 
development 
management and control 
at municipal level
1 Formal controls and 
policing in place, but 
without grass-roots 
awareness
Protocols, processes and By-laws regarding ground water level control
2 High level of informal 
engagement but not 
significant controls in 
place
High, active engagement, understanding of dolomite by role players
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3 Protocols and 
documentation
Systems in place to monitor and check
4 Processes and 
guidelines (taking 
protocols further than 
mere documentation)
Rules, regulations and guidelines to analyse and guide development and upgrading
5 Education and 
awareness, in addition 
to protocols and 
processes
Community awareness programmes (including brochures and DVDs)
6 Protocols, processes, 
formal controls and 
contracts in place for 
ongoing maintenance
Fixed long-term contracts in place with approved service providers to plan, test and respond, and provide 
maintenance
7 Application process, 
formal protocols, but 
without education 
and awareness
Development planning applications for upgrading or new developments go through a defined set of steps 
to ensure safety on dolomite
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c Capacity elements
Capacity: engagement C(e) Level of engagement with the municipality
1 High
10 regarding their situation, taking into account community leader/ward
councillor engagement
2 Medium
3 Low
1 Undetermined
11 Capacity: behaviour C(b) Probable household behaviour regarding
2 Poor
leakage, fixes of leaking pipes 3 Average (incl. community­
policing of leaking taps)
4 Good
1 Very poor Less than R 1500 per month per household/ mainly 
living on government grants
12 Capacity : income C(i) Average gross monthly household income per 
Enumerator Area/Ward (as can be determined using Census data)
2 Poor More than R 1500 but less than R 3000 per month 
per household, some grants but some 
employment present
3 Not too poor More than R 3000 but less than R 6000 per 
household per month
4 Comfortable (but still within 
low-income range)
More than R 6000 per household per month
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Table 2 -  AHP PAIR-WISE COMPARISONS
To establish the relative importance of each criteria as a 
stressor to the safety of LIHS on dolomite in the GCR.
Objective:
Please compare the importance of the elements in relation to the above objective and fill in the table:
Which criterion in each pair is more concerning: A or B, and how much more severe is the criteria. (Use the scale 1-9 as given below). 
Please use the light green spaces to indicate your choices.
Element Name
Criterion 1 Sensitivity to stress (Ss)
Criterion 2 State of Monitoring (Ts)
Criterion 3 Probability of exposure to natural feature stress (Ps(n))
Criterion 4 Probability of exposure to water infrastructure stress (Ps(ip))
Criterion 5 Probability of exposure to stormwater runoff stress (Ps(ir))
Criterion 6 Probability of exposure to gutter stress (Ps(gt))
Criterion 7 Probability of exposure to sanitation stress (Ps(is))
Criterion 8 Maintenance: ownership (M(o))
Criterion 9 Maintenance: municipal (M(m))
Criterion 10 Capacity: engagement (C(e))
Criterion 11 Capacity: behaviour (C(b))
Criterion 12 Capacity: income (C(i))
Which criterion is more important, and by how much?
A B
More 
(A or B)
Intensity
(1-9)
1 St
Ps(n)
Ps(ip)
Ps(ir)
Criterion 1
_C4—'
S
Ps(gt)
Ss
TJ0)i_03
Ps(is)
Eou
M(o)
M(m)
C(e)
C(b)
11 C(i)
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7 C(i)
1
Criterion 6 Ps(gt)
co
m
pa
re
d 
wi
th
Ps(is)
2 M(o)
3 M(m)
4 C(e)
5 C(b)
6 C(i)
1
Criterion 7 Ps(is)
co
m
pa
re
d 
wi
th
M(o)
2 M(m)
3 C(e)
4 C(b)
5
C(i)
1
Criterion 8 M(o)
co
m
pa
re
d 
wi
th
M(m)
2 C(e)
C(b)
4
C(i)
1
Criterion 9 M(m)
compared
with
C(e)
2 C(b)
3 C(i)
1
Criterion 10 C(e)
compared
with
C(b)
2 C(i)
1 Criterion 11 (C(b)
compared
with C(i)
Intensity of importance Definition Explanation
1 Equal risk T w o  e le m e n ts  c o n tr ib u te  e q u a lly  to  th e  o b je ctiv e
3 Slightly more risky E x p e rie n ce  an d  ju d g m e n t  s lig h t ly  fa v o u r  o ne  e le m e n t o v e r a n o th e r
5 Somewhat more risky E x p e rie n ce  an d  ju d g m e n t  s tro n g ly  fa v o u r o ne e le m e n t o v e r a n o th e r
7 Strongly more risky O n e  e le m e n t is  fa v o u re d  v e ry  s tro n g ly  o ve r a n o th e r, it d o m in a n c e  is d e m o n stra te d  in p ractice
9 Exceedingly more risky T h e  e v id e n ce  fa v o u r in g  o n e  e le m e n t o v e r a n o th e r is o f th e  h ig h e st p o ss ib le  o rd e r o f  a ff irm a tio n
2 ,4 ,6 ,8  can  be u sed  to  e x p re ss  in te rm e d ia te  v a lu e s  fo r  e le m e n ts  th a t  a re  v e ry  c lo se  in im p o rta n ce
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Table 3 SUB-CRITERIA Objective: To establish the range in intensity of impact within the criteria Ss (for descriptions of scales, refer to Table 1)
Impact Intensity Scale
1 Low Impact 3 Slight Impact 5 Medium Impact 7 High Impact 9 Very High Impact
The End, Thank you for your participation
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APPENDIX J: A CASE STUDY: PRACTICAL EXPERIENCE WITH RENTALS AND
SECTIONAL TITLE MANAGEMENT ON DOLOMITE
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A Case Study: Practical experience with rentals and sectional title management on 
dolomite
1. Background
During the course of my research I became increasingly intrigued by the practicalities of household 
behaviour, property ownership, levels of awareness and understanding of and community 
interactions with dolomite hazards. In May 2013 my family and I made a conscious decision to locate 
to a rental property in Lyttelton (Centurion), and in November 2013 we decided to purchase and re­
locate to a lOOsquare meter double-storey sectional title unit in a gated complex in Lyttelton Manor 
X3 (referred to as the Complex). Both properties are located on dolomite. By mid-2014, my passion 
for improved wet services maintenance and awareness-creation of dolomite risk translated to my 
selection as Chairperson of the Body Corporate of the Complex. Some of the practicalities of living 
on dolomite and managing subsidence and sinkhole risk in both cases (rental and sectional title 
ownership) soon became apparent.
2. Characteristics of the areas and properties encountered
2.1 Rental property
The property we rented between May and November 2013 was a lone-standing house measuring 
approximately 250m2 and located on a stand of approximately 800 m2, on dolomite. The property 
was managed by a rental/leasing agency (the rental agent), with no direct contact between the 
owner and the tenants. The owner was aware of the location being on dolomite. However, there 
was no specific details available regarding the hazard zoning. There was a small, slightly leaking, 
concrete pond on the property. Building insurance and maintenance of the property and structures 
on it was done via a process of the tenant reporting maintenance requirements to the rental agent, 
who communicated with the owner, with subsequent action based on the owner's approval or 
recommendation.
2.2 Sectional title owned property
The location of the Complex where we purchased the sectional title unit a few months later 
characterises a low- to medium-income area, on dolomite of varying levels of hazard (CoT, 2013a). 
The Complex was developed in the 1970s (the exact date could not be determined), before dolomite 
regulations such as the construction on raft foundations and the implementation of post­
development dolomite risk management programmes were in place. The units are positioned in two 
rows (a "front" and "back" row), with a paved driveway and parking areas (the "common property")
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separating the two rows. The Complex consists of 24 units, housing approximately 60 persons on a 
total of 2400 square metres of ground floor surface area including parking or paved and limited 
gardening areas. The double-storey dwelling unit space provide on average between 15m2 and 25m2 
of living space per person. The maintenance of dwelling unit internal space and internal pipe-works 
are the responsibility of unit owners, while external structures and reticulation outside of dwelling 
areas (including parking and paved areas) are communally insured and maintained by the Body 
Corporate, via in-part utilisation of levies paid by the owners. Approximately 60% of the units are 
rented out (with one unit belonging to the Body Corporate and also being rented out), while the 
remainder are occupied by the owners themselves. Although the municipal geological map shows 
that boreholes were drilled before the units were constructed and the dolomite hazard zones 
identified and delineated, the geotechnical report is not available.
At the time that I located to the Complex there was general knowledge among owners that the 
Complex was located on dolomite, but little active consideration thereof and no dolomite 
maintenance programme in place. There were two large sinkholes (over 5m in diameter each) in the 
general suburban vicinity of the Complex -  one being approximately 500m away and another being 
approximately one kilometre away from the Complex.
3. Practical immersion and observations
The two situations provided me with first-hand experience of the practical challenges related to 
prioritisation regarding dolomite-related behaviour and decision making that owners, Body 
Corporates, managing agents, rental/leasing agents, tenants, municipalities and even property sales 
agents face. Although the case study does not reflect the general situation regarding human 
behaviour when living with risk, there are some items to take note of and lessons to learn. The 
following challenges were encountered and observations made in the two specific instances:
3.1 Property rental via an agency
• In general, communication with the rental agent to request wet services maintenance was 
not effective. The agent required all communication to be done in writing, via e-mail, with 
no direct communication with the owner being allowed. Even though communication was 
engaged in in this manner regarding maintenance requirements between the tenant and the 
agent, the messages seemed to not go through clearly or with the correct intonation or 
prioritisation to the property owner. It may also have been possible that the implications of 
non-maintenance or non-action were not fully understood by either party.
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• I made the rental agent aware of the concern regarding the leaking pond at the rented 
house. I proposed that the pond either be fixed or sealed, or that the pond be converted 
into a flower pot (i.e., no longer serving as a pond). The rental agent either did not relay 
messages regarding the potential dolomite risk accurately to the owner or the owner did not 
consider the risk significant enough to take action. I subsequently emptied the pond for the 
duration of the time that we occupied the property. Upon vacating the premises I was 
required, as part of the lease agreement, to fill the pond with water again. My actions during 
occupation of the property reduced the immediate dolomite-related risks for the time that 
we occupied the property; however the risk would likely increase in the long term if the 
situation is not addressed and future tenants are not aware of the concern and potential 
risks related to the leaking pond.
3.2 Sectional title ownership, body corporate management and managing agent engagement
• As a fellow owner, it was fairly easy to make the other owners aware and educate them of 
the dangers and risks related to dolomite, and in general their attitudes were positive 
towards recognising the concern.
• The development of a dolomite risk management programme was welcomed; however it 
was done without budget allocation; it is uncertain whether such a programme would have 
been developed if it had to be paid for.
• The prioritisation of risk reduction measures across the complex was easily divided into 
phases and perceived expert opinion was well accommodated, with advice and 
recommendations readily accepted.
• Difficulty arose in getting consensus regarding the financial expenditure related to risk 
reduction. The financial expenses were recognised, but there was resistance to special levies 
being raised to address the risks. It seemed as if the level of unknown or unseen risk was 
more easily acceptable than the immediate and long-term financial outlay to reduce the risk.
• Water leaks were recognised as a specific concern and it took approximately a year of leak 
fixing and gas-based leak detection, along with significantly high water consumption and 
subsequent water and sanitation bills, for a decision to be taken to move all main potable 
water-bearing pipes above, to a) eliminate leaks from almost 40-year old pipes and b) 
ensure easy and early leak detection. Awareness levels increased after two leaks were 
identified and fixed, where slight subsidence (approximately 5mm subsidence) and small 
cavities (approximately 30cm3) existed.
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• After resistance, difficult negotiation and in some instances Trustees having to override the 
complaints and objections made by some of the owners against the raising of a special levy 
to cover needed maintenance and changes related to wet services based on the dolomite 
risk management programme, the funding was raised and a project implemented to present 
and mitigate future dolomite-related risk on the complex property. This project was 
implemented over the course of a calendar year.
• Communication with neighbouring property owners or -managers regarding dolomite risk 
that relate to cross-border wet services maintenance varied. The owner of a neighbouring 
complex to the east of the Complex rented out all the units on the property. His office 
provided no opportunity for engagement and offered no response to requests for 
communication and co-operation whatsoever. This owner did not seem to be interested 
about the potential risk that wet services both on his/her own, or on neighbouring 
properties pose to the dolomite related risk that his investment might be exposed to. On the 
other hand, another neighbour -  a Secondary School, offered engagement and quick 
response to requests for engagement and information sharing. The result of this process was 
sharing of the two properties' dolomite risk management plans, and an open line of 
communication for future discussion and cooperation.
4. Conclusion
In conclusion, the following observations can be made in general, based on the experiences during 
the case study:
• It seemed easier in terms of communication to raise awareness in a sectional title / body 
corporate set-up than in a rental situation.
• Although ignorance of risk does exist in some specific instances, overall people are open to 
risk awareness and the need to address it.
• Unfortunately when it comes to financial expenditure and commitment to address risk and 
promote risk prevention and mitigation, the eagerness shown during awareness and 
discussion time seem to fade.
• Financial budget allocation and raising funding in both owned and rental scenarios was 
challenging and the acceptance of risk tends to be more acceptable than immediate and 
sometimes costly financial outlay to minimise the level of risk. This alludes to the need to 
consider the level of acceptance of risk, which in turn relates to:
o previous experiences with similar risks;
o proof of or experiences of historical occurrences that resulted in damage; and
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o people's perception regarding the probability for the hazard to occur and affecting 
their property.
• When disjuncture in communication between owner and tenant or body corporate and 
owners exist, or where the content of messages is not clearly transferred or understood, 
levels of risk is not considered important.
• Dolomite risk increase in situations where property owners place more importance on rental 
income than on safety of their property and tenants who live in it (this related to both the 
property we rented as well as the sectional title where properties are rented out by owners, 
as part of their investments);
• Managing agents and Body Corporates face financial restrictions and resistance when having 
to balance the reduction of dolomitic risk with other important considerations such as 
personal security and general dwelling maintenance.
• Only when water consumption costs due to leaks has a direct impact on expenditure (i.e., 
Municipal rates and taxes) does there seem to be a drive towards urgency or water leak 
fixing and avoidance.
The situations described above enhanced my experience and observations in the context of my 
research, in regards to challenges related to living with risk and dealing with behavioural elements of 
risk management. General awareness and behaviour of residents (both owners and tenants) 
regarding life on dolomite, care of ownership, the cost of wet services maintenance and alteration to 
stormwater runoff and ingress were observed and partaken in, in a context of significant financial 
constraints. The circumstances highlighted difficulties experienced when addressing community 
involvement in the dolomite risk reduction debate, especially where apathy exist due to non­
occurrence of sinkholes on the complex grounds since the time that it was first developed, as well as 
time that it takes to integrate a mentality of DRR in residents' everyday lives.
In the two cases discussed, financial impact remained the driver for preventative and mitigative 
action, as opposed to focussing on the probability or level of risk. This factor on its own require more 
investigation, since it alludes to a need to move away from awareness regarding hazard levels, 
vulnerability and probability of risk, towards pre-empting risk via implementation of financial 
incentives and disincentives.
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APPENDIX K: COPYWRITER CONFIRMATION OF LANGUAGE EDITING
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UiM,tresryAy o f  fKc- W itw txfaryrO Lrds,
SCHO O L FOR EN G IN EER IN G  A N D  T H E  3 U ILT  EN VIRO N M EN T  
TO  W HOM  IT  M A Y C O N C E R N
R E : La^ujiMujes tcLLWrs) o f  P ocAoroW TWeM/s o f My. J imHAW  M o ry w s Stories. 
Da*u$trov*y D ttrtlofwvw M ' o r, DoLo-wWAes. Cor^G TtrG ^g pWyW<soW \nsTr^a bLU A y o f  
Lcrw ~- i# u u rv* 4 s R iM vuuny i^ A W e^vv^rA y L rs  {W es G osM er^y C it y  R e t u r n /  o v  So vG W  
A f r i c a
I j {Wes u^uLtryigi^cci, W trtby c e rtify  {WoA~ I Wosrts esHAesT {Wes oAyoves M SUsutwripT 
i*v oJuxrrdos^cA/ wiAW {Wes p re^o rip {y o f {Wes UrTve^WAy o f {Wes WUwtxAesrynxruL 
qmuT  {Wes ErujLLtW  Lcu^ giMu e^s.
Yovsry,
LeA/srW y w r s  R cro u e rs
MA (CLv/Wccds La^ujiMUjet)
• FeTLow o f {Wes Profz^WovuxT EcUAory Grov*\>
• FeA Xsow 'of{W esSovJW A fricsu^ lrsstiA M esofTrcuH 4Lo{ory
• FelLcrw-of FroLLrujtMJs
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